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The ^lliprh Httiito 9rili»r»i%i 
TmrnwiheTt IS^&u* 
I %?i<^  ta vemft^ a^ pfofbtma mnm ©f ?^ TOtitytci» 
ftiKi IridebteOnees t© re* H^iyftg leg for hie* Ai^rvinion 
©M isbl© g:ttl€»n«ii# !**©» th« roiimrtiifig sug^etlon© nnti 
»dvle» glwn to BMit I ^leh to expreps ay fratef^ th'^ nk© 
to Dr* i^ * A«i8 «^ Ii«iw 
I AS oqiiaXXy ttisi^fai to Frof* i*??. Kia^al nnd 
Dr* 5;»M.F» Ral»a«fi fter provi<iirig f^ol' i t i ee iit oaryyini* oat 
thu %«©rlc ftfid ©versll p«^ti^nn^# 
1 thftok ta a^ colleaipae fbr th@ir holi^ nrici 
eooptrstiom fin»lly I tm froto'fua. to the aoutioil of 
«oiefitlfio anil IndttstrleX R e ^ a r ^ t U^^ lolliit fbr 
Kebir-ud-Plfi 
f?-enet^l. I j i t i roaact io i i •-•• • • • • • • l » 1 7 
Qhngtl^T I - l--Pttra«tloii of ir'otsseiUBi mQm>*'h'juTo-m» 
hyc,:r«»£OC3raiw?tiani*et!^ .t«( 1% / »n<i t<€»ter-
"^lUK-tlon of* f^.RtJtmi»Ci r - o t C ^ R t i a l ffl ('• ' / I d • 7 3 
(1 ji intiTx^ctlon ••• ••• ••• W 
ill) rKperfeiefJtfl!! «•• ••• ••• 21 
(a^ *-t«cil©a v l th Kg'(fto(Cti>4CcfMj^(F^;]i ?? • 47 
1> v^ot*»iitleraetrie estimation wltii oitltisritf 
11> Arap#ft>tn©trlG ««ti*nation vith f-rs^iC^j!^* ^ 
' l i i ; I^teTralfiStiofi of "/'* uplnir-^l^Kc^i^ 8« 
the pot??j.tlal pj^clifttor. **• .#? 41 
(b i 5?tutil©?t v l th ^^hKcfi^^COM^^l * ••• 48 • 6u 
l i .^•'•otj©rittoniet*'ic eBt.lra*5tloii with oxltinnts 
i i ^ AraMFOsaetrlc epti^'^-^tlori i-iltlJ K F^©(CiM .^« B3 
i i l ^ X)€t«s^lf.ntion of :•' uislnf K^pieictw^ ar? 
the petpnti«?1 racdiat©r« *" . , • m 
ilii) neffef^ftcee ••• ••* ••• 73 
ch<ii»t«ir i l - PolRi*©inT«phle *"ijudiee in tieut^-Pl *ifi«i 
Alftftlin© M@<iis# ••• . . . 74 • i n 
Cii XtitrocHietion ••• ••• ••• ?4 
ill) i-xperliaentf*! ••• ••• ••• 7^ 
(a^ Ptuaiee %Jlth rg'[ilc»<Gh^^(OIMg(Hj^i|. 81 
(^/ «!tiijii©e vi th ^4t^ '(Cfr-^^(f>B>^]« ••• too 
mi) t!iffe«©i«!ton •••* *•« • . • llf) 
Cifei f-e-for©nce« ••• • . . • , , wx 
diopter * 11 • Jmyble cempt^imm ©f VC M i ^ -H £¥ > 
%?i^ Hyorejeeaolyfeciocsrsnl^ * Iff - 171 
(X^ lnt7*octmsti6fi ••» ••• ••• Iff 
ill J Fici>#t»lffl»fitia • • • • • • • •* It^ 
imi ??|i@et.i^iiliatoi»tPie atuctios on 
Vfna^ iUim CiVi etHsplex* ••• ••• X»l 
(b^ f*p@etrcji>lict©m#tric etadles on 
UfmniiBB C vi> coeplex. •«* ••• 142 
(Qi aoMji-eeltlon C the "mtm^^ h^uir^s©* 
n & % r l e t!i6'tiio<lii« • « • ••• * « • I B y 
iillj lyiBQ^Xf^rnXon ••• ••• ••« 166 
(lyj ••ief^rencee ••# ••• . . • 1?1 
ch^ ?p1yBr iv • inpolijfel© ll©tiil siotajjiilexes of nyurem'* 
( 1 / lntr©«ittet4f»a «** «•.« ••• 17S 
(ii> Bscperii^ntsl ••• ••• ••• 17? 
im) censiaexe© of ^J-'iG(Ch)jon^JhjjAi i7^ - n^ r^  
ii Cor*<i»ietom«tFie tltf«»tione» ••• 174 
11 > Asiper^iaetric tltrfftions. ••« f!la 
( i i i^ tiffesttfc^ l^on ••• ••« *•» s^ :^  
il%i mtnretci&&e ••• ••• ••* S?S 
»w.'ii» «»i»- # * 9 • 
(^MJtM^ SM:iumc£U)^ 
v4o3.^def»n i^ iM tannrfeen hane f^ utnci ^reat t i ^ both in 
tlie Biet®lll« t^vm &» v«ll ee %n th© f^ttji of the i r e0iB|>o«aa« 
( in hif^ (i{i««il 0t^®l» outtiriit teolst lami^  flX^ient@f r^iciie 
ti](b«8» K-reyet cataXyetst eh«aical aM «S«FSO1C indastrleSf 
piiifKtfit Xm«Qt2oi-iit prlneUn^ Itkst me^eitmm§ ^^%m InMeAigy* 
te^«f»(lp ttw ehenlistry ©f aolylxienBa aria tunf^sten c^i^oiindu 
\temnm of tliolr intriRAie ehQratesl Intot^srt sua +»l^lr 
luauBtiiial end M o l o ^ ^ l u»®p» Theoe ci©t«l« erMMt o vld© 
r s n ^ of oxldstiofi ©tAtee* fhe loi*©f 05da«tiou iiti»t©i?t bolfn* 
ttfiut^taet are r@(3ttGing Ir* natiire BIKI are ©esily mmeri^^ to 
tJie hoxaiislonfc ©t»t«« ftm other oidaatioii et**t«js hant boon 
c^orootorioea ouay in Qea|>lox ken fbrme* ?he <^ef?4irtry of 
tholr Qos^lox ions ol so raanino ygry tmioh ot>s«i£i« auo to ttie 
fOr«oMoR of ieopoly nm hetoropoly ioim* of t l^sot hoveimr* 
-ttj© to t !^ - flisQ p©i2t«-v*-a.en«y irfcato eyaii.<l« <iomj>l©i»« are better 
cl»«raet©riii©d« A ^ood deal of vo'tk hae feecrj aone on oyftnois©» 
lybdfitee (iV 4 ¥; In t h i s laboratory (IfS) SM innoatijeptlon 
en tho hy<irejioo3fsno eo^^loxoa of eiol^^owaia nna' tiin^rtiin ^as 
thetiftit wor^w^ille* f^ ueh none S6«8i« to hmm^ ©t*-r«iotoa lltia© 
at^eisftion fmm &Vi&nmm tueffeftr© %u the f l®l^ I t ^^^fsTB 
that th@ eMgert'm&ya <31fTieiiltiee $mc»uiit6r@d in the i r 
S>f«pai««itl^ fi eim pwp%n,m%%on mm m^ ffeet mnt tht§© eoapeui^© 
«iM®Ff^  hytlt«l|rtie ileeoil^sitien and «re saweepti^® to l lr*t# 
aiiJit hnipa be©fi tilt isaifi 0ti«ttfla.©«» fhls i s trtiy ©rO.^ ? ffew 
r^fferenees ei^ aipiila?^!© in iai# @9ditin«^ literfjtat^ «f) their 
phy«i<s»*'«di©sies!l pt^P#rti«« and r©f\»r®iio®» s-**© often eontrft-
diete«*3r« fi«v&rtlssl©s©t t*e *««rti th^t ha© l!»een cieii© or. the 
iffirieua «ir|Miet® ©•^  -^ he pr©lsl«» i e IKIT^ f!iSfitl?^ tAni»# 
fho ghoto<^fflie*il &T thermal c^eeispdeitiofj of afjii©©ii» 
m&X]fbmmm ( l¥ i ©r taiiitisten (IV# ecteoysfiiciep pt^dueee *^  
#9@H0e ©f »Qtt© • sfMl h^fii^2®» ©oep3.®i»e« Irrmliatlnn of tJ» 
«t03.utio»9 fey liflJt ©f i?ave*4©nRth« near t ^ Ultr?* violett 
t^nmm tli@ aol©ur rapida^y from -^Ittm to s^d Qrirl ^mti» raor© 
«3Q%a7» to bliit (^01 or f l o l t t (Vi via j^reen 0*7 i l thee© 
<KslotH»s 81^ mm to tli@ ion* [« (e^^i^ifiHl^CttjfM]^ (?tett^>» 
Aa it«sip®®«e lii |>II t^t«?5 pi^e© «« the aoeos^nitioti pTtseoode 
<10fll^* Fro^ t4^ red «taf^t th® eol.osr rov^rs^^l etn i>e 
ft-i^i«¥§a ^ y «llmii»^ tl«j aoltitioti to atsiaa If^  th© asflE or by 
hsfltiiii?* tiJ® r t w r i ^ l ti^iiiff ie«©iip»rii©4 b|f » d@or@ii®g in t l» 
pli (xa«il§it/« tue r®¥»r0«i- of th© feilov-v^d reac^on ofltjri 
aieo b© ©^i^ved ^y t^aitloii of bao«<7t3.t^« 
9 
1) 
«lr«t uMiinE'd liy s©i<i© ana »bffe«i'*n (13i« fli©y reduced an 
acsld eelatic^fi ©f i ' ^3 liith Kl» r^idwa «K0®*J« l©^^n©t trentea 
til© iwltttieii m&imm^imn'f^f wifii ECK arid toll ai^ d o'btnimd red 
er^fit^s to whic^. t l»y is»Blj?i««l th© fterfi«a.a 4Kc^ « i%Cjg»iai^t 
fieeeiSitiait rfeH\HSfeel s»ti Koim (XA^ tr#st«<l (^^^4/^ ^^<?0 1^*1^  o** 
ebtalmn n s l ^ l s r eo»SKsund« 
<2®il«itetrg (S^ camimed t© have tesl '^tta « vielet eo®tM5ixr*-« 
R^[H0(f-fUg(Cl.igJ« #1^0(KaS or 6 i t 1>y «ic^ o>=in(? ft 8©l^tion of 
potmieius oefcac^m^iolj^aitt Cl¥i In liel^r O^H to 1ari,ftit 
iRMfLl!#t» tuit ^%B tiss re^tulily been ilK»im t© fee ineorre^ft 
<lPfl5tMiX7i« 
neOi\ii)n» vltli th« ttieoretloftl asouiit of i>otiii»eitM eytifArU 
and obt«iii©ci » bill® stjaeottp mlMtlan fp@m ^tieh red eryetsl® 
«er« prtoipitatea % ^otaenitM h^droi^ido* fhoy ffereiuaLated 
^\ i« red eoiR^outia se «i«i^r ['^(<SWi^(a«i^Jlt^f x!i^ drjj'^^g • 
(GU^J^^t (ie*ti H||:^ - *5(M fttmf^a®^ %%p. nmmT&om inter©ntini? 
proi>er^e»« fttr ©Jtesplo* Ijy «xe«8B KCI*» t l » red s ^ t reverted 
to thG yellow oetai^mnlde seaordtiijpr to tti© ©quatlo;tif8« 
4 
hoatlnift t l ie r^d esraislt^ e b#e«i«Hi bltto* fh© red c»(»»plex ,r«ve 
8 blu« »citteottB »0iutl©fi f ro i i ^ i ^ KCII i*eprttcipitiit@d the 
©t l i l i i ia . G^iAm* Addltiori d-f sloehol t o the hl\m aqacfstte 
isoXutlofi reinJited 1ft the pmeipi ts-Uon o f e blu« eo l id ^ 1 « ^ , 
a l ^ r b©lng x^a i f#©lwd lr» v«it®r ar«i r«pe®ted repwielpl t^t lor ipt 
gBi» » Qosspouna ht:i4«^ t l i« f^Rai l8 itgLttoCOHigCcfei^t ^^#]» ^*:/-• 
Exeeas ©f KGM I ^H IP#V©I^ i t i n to K [^w© (Cli>g]« 
fh©y iiiai»®d "te^t t l ^ rtdl eyniAd^ eos^lex 1NS<^II® m.\m on 
dehycif«tlon saa y%% y i « l # i a e M a t acmeoas eoXution an© to 
f?fe«^« (Wi§ I f i an i»tt«®pt to t^| i««t the |>i»@piiT*»-tloi:i8 
o f t iw i%a una M^nt ooiiipX«xee obti^intd « mw 1»i>o«fi ooiaiioufKlft 
by r ^ f l u x i n f s solut ion o f ^ch arid MCHD«« 
^*©iaiag ana e«rr4»^tof» (SOi ^^leoesaf^ l^ propetinia t l ^ rod 
oyaislde •«»:?- mm i t the @am@ forima.© as tssr?a.6v* 
By the re<^etiOfi o f sii soid aol i i t io i i o f aEiafnAiisi 
R^l^diato %rlth hyclmiino hsr-ji^chlorid^ anci aybpoqiiont 
1ap©8tsioiit o f l^ie re^uatift.r^ i^ ioOCciUg i»ith potassiiiffli cyanide 
«tia hj/«i«>xia© $ •Takob «5nd turlrlovic* (S3.i ohtslma. the rod 
ey9i4<^# K4[w«:>(Cl«>4C0H^^ Jt the hyaftil^*ele of thl« hydrow* 
c^r4de pipoooodiod In %%m stops atJd wse It^uoneod by H"^  lorj®» 
th© ^»dttistf« boiliif [^o(C^^i4(0Hig» H ^ p * ftDd [woCCl^^i^COiUJ'* 
r^hoipo i e a m^mpveemmwtt in th© litorefeirc fto to the 
et«bie liJteyjso^atoi? afjcj uroMet m^ei@» of the photoohetaiostl 
i»©!5oUon of diluted fiqaooua @oltttlona of K [^wo(cK>gJ» ff^^oh 
®t si* (?»f^ S-SB^ on the bftulo of t!^ ontstanoot luolatdon and 
pirepiit^tlori of ye«i eoapleioe of «^i»f^l formsUn n^h^ichi^ ^ J« 
that ttm r&ii liit^inaedtato 1« pvo'b&hly n cleoKcooftliiBt© 
("iRipoF-oos^lox** me they o»ll I t i [M©(Gli^||(li^:>^J * oosjilox 
an&oti* t1» a^uoottP solution® of Mj,[t!©(cf^ ^^  *ij>J» sdli^ ? fire 
ntsblo ifi t ^ *5*^ but h^ardi^m in li^t^ to the bla© osmiiido* 
to i«hlch "Uiey mm%m^4. the fowailfi Ko^oCcfci^ (0H>^1* Aasaeen 
find Poiftirasf^ fic^ (§ / hsv® fbiMUlatoa tho traiifdeiiffc rod epodloe 
as r^oCcKi^OH^l » l i ^ i ^ Eiay oithof tui&avm iUrth©p 
nubstitutiof^ pf^stiitably etei>«4e0> or r©®et %ri'»i cfc* to cdve 
the pa^"«fit oGtaojmt^dft* ?^ 4rail®i» oot)oa.u«loif)^  «o-o sUm fea<^d 
by cei^ssfdtl RM eoriiorkero (4t5»6> arid liidGiJOiiSoiitly by 
6 
lim bltt0 <s i^poiiM hue r%e»w^y ^@ii ihmm %© ^# 
pa«isa^miMo (M • %*^X 9«t^..j &m. to h«D® «n X»Ft« aiJuorp-Uon 
apeetmra liko th«it of -Uic^  p r^onfc oo«i»iiitiidi« f)» tmipifitle 
o^flioiife Qt tlie oos^Xox i e aliptitly |p«at,®r than the grpin* 
oiSLy taosient for Bol^ MeiMia C Vi or loir«^l& tmtfbmmm (III ;# 
ftiidf "Utef^fbwit I t hmp been fbfmilftt#a wltA faolj^ 'sdetuffi {^h 
(C^*^4(St^>g] (SXi» i t va« t t ^ u i ^ 909t^WL9 that th le ooapoand 
BtlP*it tj6 a ffiiictaro of waraitw^o a»a *f«kQib»s eoapomniio (32>« 
Ad®ffliK)R stici Poraraat^ddi (#i 1 sols ted tli© ultimate blue 
pro^ot of th® photolyele of eqyieotts goteeslUKi ootftoyano^DXy-
bdste Cl¥> by f¥eetlonaX p ©eifStatioft i#lth ettmiiGl. ©rid 
©waijrptd the eorapoiAtioii K^ [^(CKi^(OIiig(H^i]. fhey r«i»ort 
i t to be m.mmmmMe» Ap|>«t«Kt3.yi i t i e the ersliyar^ UR forsi 
of t«faf»cat*r*» blu® oonpousid %rhl^ ^ffferf ft»©« .T«k©b«8 ^^aplesE 
by om KOH «tsd o«s H^» Thii«f they appee OR the mx^bar of 
<^r4.€ee per nol^iaeiiM* but dliieirpee on 'Uie esosiirt fbmuletioii 
of i^ *e Maa c*oiapleir» !^&eet ftecor<aiws t?> 'r^mr^mt$ -y^ 
hy^ro3«»oyer4dee are retail:/ ifiterootiwrtiidf I t 1® poenlble 
th«t t l ^ tmture of the solid obt«»lti©ci «« the ulti»»te ^hotelyslg 
proauset i e aepenaeiit on «©iiaitlone of iaoletion mm <lryli^» 
Conditione» i f eKtreraet ooiHd loaa to lose ©^  KOII ar^ H^^  (9^* 
eemptmim0 of miX^j^^mram hydPOia5cyai4d®c anci etudl<i<a their 
pft>,p©rti©e» A t>la«- - pus^l« csdadtan ill i s^atf Cd(W^J^^ • 
[M0<afr>^<OH> J^t ymB dbtnlma by ^arfiii^ C ^ l ^ to n mXxition of 
i»iiiFpl« eryift^R of* «*R ftwsAno e«<SBii»s ^ I t t Cd (WI«>«rfAo(CPi4 • 
( 0 ! u j » ^»^^ i>i««psr©d by the lutei^-ctloB ttt th© t^d ^Ifeall mlt 
nt*'^ nti nmmw&.nQ^'X ^ l u t l o n o^ t4i^ raet«-l «tiloriao In the 
pTemim& of M^Cl* Thin mdlt w.si fouM to tse lneolt;i09'le lii 
^•ater inife eolttbl© i« c^nc#f^inJted acisoBia i*vlii# n ^lue colotir* 
Hot &it«^Q ^ l u t i o n t%@c&mpomd i t to Hi.;! mm caco^^* An 
«liio prepared* Addition of NnOlg sfid Mlg to a «@wfly 
noutrfiXleed oolatlon of K^[*4e(c^/^(0Bi^J« 6M^ pr@^pttn%m 
a pui!^l« ooB^oandt Mn(Migjg[rio(cfe;^COHi^J» H^p. i t i«a found 
tha t nm^B^ s a l t t r icher i n w^f nnimi^i^m^) '['«©(c^;^(ofu^.--
Iff^ i*^  f W5e forsffi!^  ^©n n^ '^^ ord?* wfig pt^f^int In an ©Koeee* J?ikob 
nrsd '^nktih ( IS i «5|>ort0d to h s w prepfired th© mim v io le t Cdtil^ 
«»lt upon ad^iii^ Gd^f MI4CI siid KHg t0 lC (^Ho(Gft)^ COIf i j so l t i t l on . 
The redox iwteiitlal of cyitiofSoiyiiclJit©» depend?* on ttw 
proper t i te o** t*»® coordinating mmipm* fhe standard potontlsl 
for 
hae hB&n iraported fi« * o«@4V in the pv®mam of j^tsfteitia 
Qliloriae of ttiwtattti ooriootitimtloii {Q\t <39i or • a»73¥ nt 
iRflfilt© dilution <S5^Ci ( 3 4 ^ Miklialovi^ (38i c i^n!l@d out 
aoas cxpevtrnKiKAe to ciatei^im tlM oxidation potot^«il of 
hyaf«i»oey©t»raol|^dat©e airi alee studied tljolr oxiaiit&oti«» 
re<*iiotl'^ ^n pi^porUoe* R« obtained a Wlvm of E 1©^/^^^ » f^ o»iav 
%*«ii 4aK* g?^«^« of the oetAeyftf4de fttdoii vero ropl^ooS by 4 OH* 
mo'a»m% At pH lS*Si th l^ v»luie bocffise <<» a*7SV« fhe ftuttior 
roijorted that the hydroxotetr«iey«fioaol:^^te« pOft«t«« titvetm. 
T%m&im proportl©® m\L% csn roauee oatlois® "^ fre© raotnie, 
partiBlly !p@auce e**tlofi» to s loi#«r valecMsy state § roduteo 
nonaet^ii to 8»ioi}iif Ffrduco complex eabetanc^^s* arid lower th© 
ynl&m^ of th© eoiitrsl stora in «nlon«* 
Ijunni? the hydrolytie tf^>ii«for©atlo» of 'Ui© hyeiroKOcysTO-
fnolyfetintos ficcoi^i^ to th© s<^ese 
there o^^urn « elsi»lflca«t <^sn«9 In 'th© bisidolty of tite 
sioaiQ^f «e i « l l 8« the roaox potential @h8raot@rl@tlo of the 
©yar^su Th« hyar©ly«lf? eon«t,i!.nt.s of theit© t€tt«t»t t r l - t and 
d i - hydrojso oon^es^oei hm-m b^tn detewdned to b® 0«8 x I0*^t 
,'^ •4 X 10*^ and 7.?^  X 10*^» i%iip©etli«ly (8®^ 
Q 
f h® hyt!ro»«Qfftiildbe e©aspl©««e of tml^b^Qmm and tuni^eteii 
9Tt m tisAl^p In wny r^smfstm that data for «ith©r eay b© 
sppll«d to l>eth# liJ thl« %!®^  » l©ir,e® \m^ of Infbwi^'tlnfi 
i l l S1Rllltlhl«« 
Cf^fitsllin© i«st«B»f«iias h^dtHjj^ejrsnetiUi^etat® vi^ e f i r s t 
otjtwima ^y G<5ll«it>er^ (Ji^ %rti© allonea the ftd^oR ©^  
soiflifttt ©n filkaltne K^[^^(C^^J» ^ | ^ iiolumoiw fhe resiat inr 
«se8ipoiiM# 8c<^rairi.p' to G©ll@i*>8rgt posi^nsts '^e fbrewUn-
K^[v(oiMg(cft)0]» m^9 hat r@c®iit w©flc {lSilBfl7> su^-ef^p 
th«t thlF csoapoiuiai I f I t essl^tsi l« mr^ iiii«t«hl«» Mllchelevich 
nm LltvlnolwrtE (8f36^ aiea!lb#4 s neur uiathod for the eyn^ie^if 
of l^ €!f<j3ret«trKe^^«etiinir®t8.t®CXVi» th» f^tthad iiii«?lv&« ^w 
©l«©trlesl reaicrU^n of » soliatiofi of ii!ii^ 5i4tji!i per^ttinfuttte 
it ttm pTBmm^ ©f ©leiaie «ci^ ana aewalJfis ©sislstet pf»«dpi» 
tatl-^jn of latBp^tyt hydwiAd®! '^'OCOH/^ f from, mttm&i ifialutidfi 
hy W« fsnd h®«tiii|? of tliln tuiireteig (Vi ccmpauM vlth iiett**!!!!! 
eyard^ In tn elkaliiis ae^luis to obtain n imrplitHdoltt 
r^itition* Th© yeXloiM>f^ tnn hycH^xecytnlci© cotapXsx* l^4\}?(Clii^-
(011/4]• ^i^t mLB theia i«©leted in th© crystalUm gUM with 
ffolid Blktli* fh« UttWiore dfitera^nod ccrtaiis aoid&e ane'l t»ft«»ie 
piPOpUTl^ erf ni^ l also aeittiontd th© porri&stll^ Of t t « O^dimotr 
4 
.1 i d 
ftmj e©iieludi©«l l^f^t thre© types of amonef tetr®*-! txl^t 
Bijd in,- hyaresse ffewi^t €>d»t in nn t^vmtmm selutloti* The 
f\om o^ th@ eeo^lex depends ois i^ ecifM t^y of the taerjitt®, 
thii»ee pFotof^tidR gt.«p6P belrn? #<ie«l^e ^f^»i« 
deeoi^oi4tloft (B»h e^fr^t 
^vmfiiofiiloir 11180 blue 
f«lt)R o-f e s ^ ©f *||@ enions have been t«olst@a (ai37i« The 
llthliSB «i«d «e<3ii» «alt« iwr® ebtelDe^ by tb^ aealrl© dee©!ai>i»e$,tlor* 
of K4r^ (CI»i4<08i4l%»i1*i mt'^'-t |i«r<dilerst0e* On iiit@raetiofi» 
the lef»« eo l i ^e fCqiO^ vee preeipitoted out mtki f i l tered off 
mm th© elkali setel eelte irere oryettillised by aatilng elksli 
nm nloehol* Ttm etrorMu® aed berlun ^lt@ were prepured 
ftiMs aeetstoe* mKim^(X?0)^* # 1 ^ n«d BeCcigSC c^a^  K p^ by ^%^mtm 
reaotlsn wltli l^ie potaeeiuia 8«at« In ttile e»ee» l^e relatively 
lose e«^i]^le ei^te of alleellDe etartli netnl hyfiroxooysnlde^ 
preelpit t te out iii the pvemmm of s l l t i l i , and 1 ^ hiiifSKly 
eolti93le i>ots»ai\» acetate f^nsalne lu the eelatioD* The r©eiiltii 
of enalyseg oorr©©poM to the fbrraaJlaet Ll^^^-Cct^^ColU^]. ItfT^c, 
(Ofi^-jL SlirP^  • t^?t>nt-lui!i saltp of the t r l - Bm dl»mihptltuted 
-1 i 
t&rmm haw th© eoapoaltleiie ''*»3[*7<r.fc^4(Otlig(Hj|M]# ?l i^ nm 
nf^i{^t^<:Mi^Yi^j\* HjP ha.li at©o b«»®ii iruperfeta* 
?s®ftm3iftsd th© «»l©etro?J@ petc«ntl®l ffer th© ehanf« 
t^m m'm v^ltiep fbr E" ^^ / «^ as • a«57V(a'^  In p?^^ne« of 
ftcaii Rna • y*4a7 ?(SC»^ » M « ai» ree^eotivsly. A ^ I U Q , 
• 0»6^ ha« Heen repoi'to^l for a ©atafistod eolutloii 
of K4[t1CK^4<0!uJlii ^Hcallne fsodiii® (96^. Ml^h«ilei4eh una 
Lltvliaelitie (37^ i»ia« © detailed itttfly of t^e reaox pi*op©«^ ©® 
©f the ^trat^Af^KJesmnotunffstatoir (I¥^ una pwipfiii^ d tho 
fbllOtlllJI? f»0d03l «!m#l8lll?i!l« 
[;?^^<€i^i4(ai»;4]** -. . "7* [^?*(C^;4(011^4]^* .J. e Uti mMli^^Wi 
proeemmh ana 
[;^-^(cfi^Conj|4]^ • '^ OM* '••••*'•""•">• ^ ^ ^ * • o^f^ ** + # 5 ^ 4^  • 
(lyrewffdha.© de?^T«ctlor, of the eoapleiii* Th®y exiJf^ e^aed 
th© cte|j«Monoe of tho ir@ao« peteriti©! ori pK hj th® ©emotion* 
•"Of•/rod. a 4?^  ¥ Q*Qm loi? [ox.]/ [i^d*] • u«110(?*#it^l 
whoT^ £Q a • 0«07V i@ tho iii5«5*^ l tf^neltioti potojitlsl of the-
e j^gt^ s! ifi tho neiitt**'^ ! nodlyBB* 
4 C) 
Ji. t^ 
Th© hydr©3ecy«i»taiiret«t©fi are mr^ ^roag «aiicir»j? 
nmrnn (37>. Kj^ '^JCa^^(OHiJi^ att««« c«i|*t aa^f n^^, TI^*» 
Fb^*t Bn^*, ft>^*, »l^* and m^* In «lk?5liiie iwlat^oiisto 1^ © 
oorf«i?P©iiding laeVla* A^* i s i^daeed ta A^ lu hot alkaline 
^lutioiif precipitated as Ag- CM a t SO^Ct but in mutriA 
fiolution i t i« pweipitated «« A^[*'?(C^^4(aii^J# cu^' rf;sete 
vsplottiay* CUg(Cl«l||, l« preoipitated s t poora tefspeyyitiis^t but 
vith fift ©xeeiis of Vm ooiaplex eysirdcSe >^t 40^ Feaacstir'n to the 
R»t?tl oociire* On the re^Me'tton of* cxipmv tomine eenplexe^if 
the eoiiii3<>undp! « 
K ^ [ a u ^ Q ^ i ^ { M\^i^, Cu[c*Uj^ CIW^ 4C t f ig ig ] 
have beaii ©btsssinedi th© ooapositicfi mmt^^nft upon the-
relat ive ©©liceiits'atiORf e«^©p o** laisdfig and i^nstieo Hinatiea* 
.o ton^ lo i^ tn . Utimtlon, of « . f ^ x o c ^ n t . e « « . .u ,^ . 
Cu^f Ag* and[l%(Cl»^0j^ in alkalina solution end idth MrO* 
in aeid nolutioii %f@p« eu^oeeefiaiy perfowied* 
T!M> additg?' eonflt«»iit« for the t©ti^»i tii.*t and d i -
^«ib«titytad hy<"*osBOii^ fiid©« h^ v© been reported «» 6»S?3elO*^ f 
f»«ll5iil0**' and 7*Piao*^^t r©f*peetiwly (»»;• Th© hoate of 
C5cateiiiit4€>i» have £a.ao baaii d^rien&flad (Sii>»-
J. O 
7he sitiQV^  fiQQGttRt oAeaflsr i^iovs th»t 6tSLf n i i t tXe 
MGf^ hB« 80 t^v h^&n done »« rc5«?8rd« tiwi i»h2r8i«e«*#i#idLosX 
properties of allEftli hy<iro3«ooyaisot3o3.9 i^»te@ ana tixtif^^tee* 
m doiJiit Hiklmlevic^ ^35*3?^ h^a m»m a iPltta^l® tjofitritmtien 
m detewAnini? the vsluee o^ sti^ nSST l^ potential® in the 
filksXin^ !a@aium« fh@ problem relate i t^th i!h® eeehanlfis of 
r@ciOK prooof^ Bee invE^lved m«i. the inflttenee of ienle @ !^%iifth 
ar^ toinpertture etc* ie not «tlear* 
i t l«s 8l®e <ittite evia©rA thet mo&% ©f the %mf^ done on 
•^ © mitnt hyarojBoeynfAae cK>a$}lexee <i©rt.ff ^ t h the roisiltfl of 
diomiesl snaly^B snd phyeieo*^ietaieftl aethoda hav© rarely 
heen ee^loyed in eltioid^^tit^ thei r ne^cpe nnd ooispofiition* I t 
i e B wfSll lenovn fact th«»t t4ie phyisio^ oe^od?? haiie o©rtr^in 
ndvf^ ntf'PB® over ttm raethode of clieraieel an^yi^e in s«i fnr «« 
they not eifily provide preei«e infbrastifin of the o^apoidtion 
of n freitflty preeipitiited eomplex hut 9-f% ehle to elisilrmte 
the errorfs nhioh a i ^ t creep in dttrinp' the wi.^^m^ -^nd d i ^ n f 
of precipiteten imswp^nf^ ndsorptiw nm hy^Srolytic preperliee* 
Bhattaeharaya (40/ hae alreeciy dravn attenUon to thii^ s point 
en the basis of the m^tk eers'ied oUEt hy hlra sna hie oe-workers 
on raetel fterro- end ferricysiAdee* Bej^deot eoa^leises other 
than e^ Ddmiusii fsengnnese {^OH li'^iiiM* eo^usi ^trontiyei» 
b©.riui»Sf ealeium and iBil¥fir (%?J hydroiwey^nid©^ have not been 
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utitdted until noir tna mue^ i^nAiiw to li« aoiis to BM td 
oiuf tcmidedip in this pnrti«iil.i)ir fittl<l« 
f^ voTic d»«crib«d in "^is ^Uwi4« tleein vitli aeaA 
ph^i&dO-^seaie^l 6«pefit« of tripota««iiXi fiqtiowtHlijr l^rei^ * 
totx*a0^mmol^a^to (XV^  (ftbbr@viAt»d ft« fOHi and t9t?ft» 
I>«ta8iiitta tetpahyiiwijeotetraeymiiotuitfwtat© (IVi (ft^revirted 
as fCtV i^idi need ^ laor® nyntematie «ppit»fi^ And ftiF^Mi* 
«luei€Mtieii« Certain noXti^ l© (Moi end insoluble (Mo & '^> 
iiottil tijrds^xoe^^nille eo^lexoe tmiw al«o iiten inveivtipiited 
MQ^lo^!^ pltyiiiioftl !aethod«* 
the aii?tril»ution of various aai»©et« studied i s ae 
f*&ll©v»» 
!• ; ««t4!(3fitir.t; of tho liyd!*ojcocsy«?.r4a©s aM ii©tei®in'---Uon of 
i«tiina?ird ^otoiitial in"*i m ea^alifi© mo<3iu»« 
2* i'@lai%r(raphie sttiaia* in alkalim and nautf^il ^edia* 
S« coiapOii'Uon of «ia fallible wnadit^ (iV; naa aranias CKi 
oog^laxaa of hydtremifiQl^aoo^rdda* 
4« conpoaition of -«>© fireitily precipitated har^roisoaolybao* 
i^iAdea of Cr<IIli» «is(Iin f ^ ( m ) , ^eillh milD^ cuCiI;, 
wtli) «nd MlVj & hy«iro^tuni?»tioc3rsniaea of c r d l l i.FoftTi;, 
coClI>» »ii(ll>» Gu(U> tM Zwilli by ela<5trof9©trte ?iathaa«. 
;} 
u (ftJ «•% fr^iatfe, nm *i»i.» Aii# Ka"toinii.f»if»# ^ iwmi &mt 
( c i iciea» Tolsiitat J (lS61i 7371 
(d i Idei3» Bsis.1. Chea-. J^ «?* .T»poii» ^ (1961^ ISIBI 
•Ui:^ vliffc 4 -''•»!»• ''llc«5©llf tjfppi^ia, p*S»ftO (15M©;. 
2» ii»^tm%m^^ &m ^UA. B©r» ^•pr^t»c»ieit«# iXm&) i n press . 
:»• o»c), coll«>ft»®ri?f ?.# ?ir»©rr»aheia»» 1.3S iX9Mf JUS* 
itmo) 7f»a, 
7« '^ '^* ^ateob, 3'# !^mssetue**'a«iils« and X» rtaeicfeSt rrtse* 71^ 
f^ » -•^ »^ Adamiiori and ^T,P« reinifaai^tMit ii«?yg»Ch©«»§ 
2g fl^SO^ 4030. 
•i O 
^ i) 
14* '•*^08eiti^la» •fiPrfui^ei ana F»Kohii» Ib id , ifi (lf>10> lj86» 
S0» ?'•«• ^*ol(lli¥? ^'i^ .'••v«»r¥'liirton» Mol»aiyp.,, jg^ (lOCSg/ 377* 
f?S?, ^>F».tsi:ob siKi c.^^'^loholevies* I t i l d t 1 2 (1?>32^ f?7S« 
f54» iciest ibid* i2i (I§6gf> a§S» 
56. v.,tsfeobt ".F^Rmtue niir5 ^.rtf^ei*^?*. Ibid* ^ {lf^ S>> 611 . 
r?* ld«sn» "fheer^ mid p-tmctui^ of oimpl@ic Co©j3€*aficlar-roel?5V 
0^« ^ ..??»teob, A f^f*!?siotae» '?#'•'ta^d^s and A.fioleblew^tlt 
V^X* '^••i'.^^n'^^tlst .*^ »L©\?iP Slid ^.^ l lklnsen* 't,Ghora«'''oe«t(l*^RRi t.7C» 
7 
Sa* K«i-»iiikhal©vl«^» festteh. i S s p l ^ i L*v©v« **ollt^li» 
S7« Xil©»» -^^ t^0r.p®R«KhiBit .1 iXQi iW^i 2^X9 
m* K«fit«ifehal0vidh ^»a V«HfLltvliiehyk» Vme* 7th I n t e y m 
1 A . . r 
During th© fiyaroXF^ie trnrHrroraiatien of ^3m hf^peit0m 
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(metn^loiii 
aoXtttlofi an well a« it* th© ©jtidstl^jii-ire^crtion potential 
i^ei^oterletle of ^& s^iitem* 
Th© e?fl8tii^ el^wAoal llt®f^t«i«^ fiRcIs rm esoistloii of 
the r^&yn prec^Bmrn Xtivdl-mti i« RH aqueou© eolation of t H * 
pfttsesiam tiQUO^tiiLtiydyeiBO'^trafl^iiDBKJl^^teUV'i* A vniuo* 
r: lio(¥^/io(iVi 81 • 0.10V# has b©#ri popoptedi ffer tlK* i>otcBtisl 
of tetral^rti^iBOtiitrec^wjsiel^baste ui>*r un^pooifiod eolat ions 
%ihieli booftiio -y.WV, s t p« i3»S (!>• 
A© i t has slT^^ciy twon pointea emt in tlie mmml 
irtroattotiofti HiMh*aovi<5liet aLisaae notfilild conti^Mtien ne 
remrm th© oxifS*stioft-*r©dttetAoii pi^p@iiii©« of h^arojioteti^-
eysfifittti'irststoCiVi i2§2u Aeec-raii^ to thera tfeo vsiPiou* 
hydfuly^e pyoatiet© of tli© hyaroiiott^fiiaA unaorisB s rowri^me 
one eloetipon o??i5i«»ttoii# fh®y deterraifiBd s vslue/S wdvjAtw; -
a - a«02V* ifs w «!«.tui^"^a «©iutioii o^ ^^[^(oiu^fGf-j^] in 
nXitmlXtm fm6X\m nnri **oportc?d tlbnt tJi*! OJsiiJ'^tiati .iffjcoodp'in 
-^  :? Id 
Tifct fly fit, iitaf© #javi» tho ©rttiillbriws J^T6&$&B oia i^loli the 
The nsr^Tfil <sourm of th«5 i*edOK reaetloiJ wae f^preuentea 
[t'tOI^/^CCl^iJ** t 4C4r « V'0|* # 4aD* • 4lj jp Ife 
as » 
i^iefe wsf i^irt^er sinplified t^ th© ©oaatlon* 
liyai^ .««eB i0ii«f ® « 41 the mabof of ©Icctf^mi tafelRf par t 
•^e«5oydltw t# th«-i s^v© ©QUiiti? !^! tve eXeetron^ ^ o u l d fee 
iniR»l.ip&^ Ir. t t » ©QUllibritifa 'gif^mms b«% th© pTt>p©«ed a©«^?ir4aEi 
tlbfmm I t to i^e m mm • el^etfou revep^Me o^ld^tlon^ 
^f» the re i^fesi i>f^ee«ae« tnv' lved are ob^eufo* i t i^e 
thoaitst voftfewMl© to emrry ©tit stodioe eu t h l a nspoilt* 
Mikhalovlc^t &iv%,tm th« coufse of h i s cMteTOdti^tAanet used the 
®e*>oui^  09{id« elootiHJd© *"^s i^ie roforon^* JUne© the eslo^^«l 
elf'ct'Pod® ¥sa fouM to b© move eonv^tdon^ ttmu -tha oleots^ocie 
uiw?d V ^i"Jt •'»3.1 th© ©vporirairKts \:^ro poi^foisosi %rith tiile 
eleoti^a©# Th® ai©dl^tor sao-U^a w®«? ©aiilo^^Td for flndlnfr the 
vtiitsefi of i?o^ii: i*©t©fitl*?lfs l « iCLkaline ueiutione np the isotAiod 
In vti?y oefiii©r4t«t (4^» ^*otaeiilo»- l^tTPleyaidd© v??,*^  «©<?'.- aft 
t l ^ socJl^lMir. 
i*©t«ittioti^trio inetl^rt*? fQT the? @0t4ia«tioii of pot'^rPIIM 
h3raftsj»ttiftf?i5t©-0ysiild« nr^ svAllalAo C St5i but RO sethod hng 
tret boofi rer^ortod for e s t i i s n ^ i ^ p©t»#«€iltiB h^^'-irestor^lyhcloey • 
sr4<M iii itfi sclutiOiJ* 
j£ MMkBMm 
'jmmtM^ 
¥Jm(Qh)AQn^Auj,i\* mjj t the htu» hycireKOes?«fAcl© mn 
pr«iclpitiit©d b,y tireatAiiT an nqti&mie aolixtion ©*' tiK. rod 
hs^di^xo«y9f4ii«f K4[fk»(0Hi^Cul«i^]» «it l i 0th2^ lO-e^h©!* The 
fiethea pee<mm6i»a©il by ' '^©h and tai^l«tii<s« <6i «siid l a t e r 
!30<;31.fled t^ ^«IBOII erid .Tstkob ( ? / for the pf®i^sr«5tlftii of tha mtl 
t»uri> iaol3?t»d©Bi»i (Vii o»i(l©t ?%»0«^f di«f«lv©c! 1« hot 
C!afi€i*iit*»©t«d l t d Cl»S sa»/ff« «oO«^ ¥Qit yetluoed ^ t h hy-^^^aln© 
«iaphiit€* fhd ffewfttln.?^ r©d*feip©%«i solutlp^n of tM i^^ Fbdons^  
hfdroitide vn-M U l t e i ^ d and dlliitod t o a Inrm violmm v i th i?ater. 
I t %me then pr®©Iimitated m-Ui ® aaall ©ncese of mmotiii^t \m^m& 
81x1 f t l to i^d off* Moljrtidoi^ hydpo^dot t-iooioiUgt thue 
obtsinedt va« placstd i n a fXnid:* To t h i # t oorjcofr^ated 
wolutien of 2tB mol<&» of i>©tii«*«iu« eyai^d© pov mole of 
aol^doinia wns s<^>d stid the ooetects imv9 hooted with 
QOfMst^ wt 8tlf»fiLH|f« fhon Q»W a»lo of ps l id i»©tsois4yBi 
h3rdt*o«id6 ^s© »l»o added* Evii^oi'^tlen of vator UDd@r recmeed 
pr©©mf« St 70'^ C %as seeeaplinaiod tmUl. s bla© p«jelpl tet« 
fii*peftr©d» *^«lld K<M %ma tlioii s d ^ d t^&^y to th in isolation 
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ifbloli ©II ©©oliiir ©©parated oat the r®€<«*i»o%m ersrstals ©f 
fUfifiel mA Wipimii with alcohol.* 
the reaotieii %mi<^  take® pl^o© cimfinr t l» epithesls 
®fiy tie imprmmmt^fi %y -Wi® ecta®tl©n» 
% the set4©B of ©xese^ s of* alkali § t l ^ !©?•(» ««iliible tetawi. *• 
pctiie!?lym mSlt eepat^t©® out 
Th© tetr«i^ta#.«iiM ml% v^e &Lpml'm6. In aint i l led 
tjater to giv@ the ©elubl© bl«e h^^df^siec^aiitd© «tiloh vae ^ e n 
pr«»^ imitated ^ o « the e»l-jitlotJ by ft^etloijal pfeoipitstlon 
«ith ©tiMiiaol* til© siother Xieuor ta®© eUsaline loila«tlrj^ thflt 
by the cjomwreiofi ©"f the redi tnto hlu® ©ysiddei. Kf'H wae 
r©3.®*'»©d» Th© blue aolid if»© roaieeolwd In th« w ^ l l e i t 
p©f»f4bl.e ^uQRtlty of wiiter ©nd repi^elpitatad ^•Ith th« «^ l«s©hol i 
these o^iratlens e^i*© ?«pe«t®d iie¥epal tinuMi urxtil th« i»9th©r 
liquor ^m.m lie m^T% i^k»liii^« The blue pireeiplt©'^ %mm 
fS&ll€Jcte«l on n Bitelwior fUmitalf t^ nglsea with altseholt ©thet* SM 
keiSt over -^^ ft^ i^g 3Li» » vncaiuro deeloeator* 
^iaa« '«?»l^* for %JjkiiChi^im)^nrpj\m m^ • « # S7»77l 
Mo, f:r-»0f5| C. 1U37I fc« 13«SS| lit J5.147I 0 , f.S*7^muiid -
S^T^m^m i^T fioa.1e%Jif«T rllf^ettenw o^ MikhaXovleh and Lltvlr^ufc 
(3iB;» FH-ffcy .fTmsu of 9'':%3or4i»ii pni'fitan.fj^stete VBB adrlM to 
1^ )0 til* C5f vnter §t « teffljiiefatatre of 80^ aiKl ttei» BO ft* of 
aimlio ®ci€ sn^ 30 r» ©f af«!©r4tm os^ila"^ xmre t0.^:¥lf added with 
e t i f ^ u r * -•• trarjeyareiit «©lu"Uon ^ e atit."<lijed ^tdeh i?ee 
©lecftfiGnlly f^dueed a t « euinpefst d e n ^ t y of u»yS arap*/ es-i by 
UKifW? 8 ijeirfbrateii pl^tliiuBi- ff^ oate c«ttio«li# fh© ©icperteent i«f? 
eeisauet©*! while h©-'5tltif? ui^to SO-??u'' for € to 8 hoai»a» Th& 
^ l o u r «hanf«i5fi ^ i r l n r "Uio rf-cMctloti vei?© from coleuflepe to 
mf^ h^m to gr««iilsh*y«lloir to reeaXi^^ro%fTu /^fter oeoliiiiit* 
the a«itli6<to eolutiou v®f? fll teired ©nd iMitjti*^ll8©d ^Ath s lov 
pdfHiefit SEimoiJit gjoltitlon ut i t l l the liirlit brown ?«®rphotti« 
prec ip i ta te of t«fi,frstyl hy^roidde • H^QHJ^* ^^^ ftilly fssfnied* 
Thtm w»a f i l t e r e d out» tv's.ph©d vlfh eolfS ^mter nnd tf^nefterred 
Into 11 rouna bott©«a©<a[ f l » ^ » ft iwlutlou of S3 f'm of C^f- arid 
©0 pf» of KC4: m laa eA. of tmter wa® ad«t#d t«^  i t In prr t lone 
9li 
in tlie ©©nr^ of l i ®liitt«»» T!i« oontent^ af tti® memt 
vai^ ©;4ii3t®ne<jui^ y etlinri^d ftrid !i«st®d to 60'* on t ^j^ter 
i* t^h» Diftpolutlaii ©f the t>t^ %m ^i^eipit^'.te pive a piitf^ Ple 
vlalet p?ltitlon« A!f*-©r «f^al|iwt th« «ciltit40R vsi« filtered* 
"1^© fsolid hyiii^jfoeysi^d* w«8 nepa^ated by Aav a^^itlon Gt 
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f A <S* A fi /* A «^ "'* 
W«<W*'»"i--" •miigJumUMIPWWHIIi I l»*1lm Mil """ If" »Wi IIII MU-<»"«1"i iHi»w«ii«»*<iN'iiii*g'iwiWi**nii»ii'»«iw>i«wiiWi <*»-vmiimmmmm*mm*m.'mi>fmimmmmMlimimtltltmm 
mB 
nm 
308 
s i a 
2XU 
PSS 
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< t^ f •a7P 
..M.fT'r 
tM#6uU 
i3B«« f^»3 
4S?»3.SS 
*tp«6i*a 
*a'^.030 
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»iiinTi«lWriiWrt^nfyiJtFir»l^ "Wrr-Mi urtiiiWIMWlWiWW-'WIi'»"« mtmu.im'mii •»mtimt 
wa«5 gtieeeeffUfl-ly eapl©y«^ t© <l#teygilRe the hydi^sc©t»l^«tee3rfiiiia« 
len^s* Ifi t ^ b0.«^lnoiii0i the? eolutloD h^a ® blue «»l©urf -yie 
Intensity o? %^.l#i tieci^fteeil by the aaoltiofi of petasplon 
ftei^i<^fii^ solution* At the oQuivslGfi^ yeint» the solution 
^•meci eoleufgi®8« WIMI an exeeaf; of the t i t r a n t thon i^ve a 
j>en!iai^nt ye-loif oolo^r* A hipont? of 0*&fl^ V/y*l rati, ^^e obuerved 
St tl»5 oQUivQieno© iioiiit in tli© titTfition of lg«B cfi hyciro]co«> 
i3t©l^ i9docysni<le iii 3li KOH with 0«1H f^rrioyanitls* Th© results 
a?« ^io%«i i n Pig«l« 
fh« f^ aose. «®etion may bo repros^ontod ^s» 
•fhe oquilibriwi eonrtwM {f i for ih© sbov© resetion uaing 
(«r>cj]^V[wo(GEi^<«f>jj(H.f ^]®" « • y«0ag?v. (ae cioeorlhoa in 
l e t t e r part of th# ohapter^t ^ns ealeulatoa aa f.l'ljacr^* This 
f:9 
hi0 mlwi iBi^iefi.t@B that ftt ©auillbrii^t nlmof)(% al l tiie 
fey t^rrin^nXm ioiifi* 
ttm rmm&tB ©^  «st$i8atlon ftgr»«e ¥itli the Ibf^utla 
Kg[Mc(clti^(c!U3(ii^)i]# SHgO vithin ^.o* p«r isent(7iibx« g;* 
TIws @«ti».^ti0n vith f^rric^fiids ^tig al©o p«i»ffer®e<l in 
fim remrm ismi-i«©r» FotaeaiiM f^rrioymni^ iti a aeilitia of 
of tl® y«Ilow e^loiar ©f pofar^piuis f^ nf>i€^afii<ie oe©«r©d ac ^i# 
t i t ro t ian pro«@oae4* At Vm •qaivKlenee^imii^tf the solution 
fee^B^ oelottx^efi® to i^ieh sn exeesc of the hydrojf«K9oly^6o-
^sttie©: ^ve n feliM colot«p« li@fsult-ii ar« i^ven in fable 3 sii^ 
t^rnvft in t^if»3» "t «QUivalenet pointt a potential ^aeip of 
y«Sl • 0»3@V# por 0«1 sil« of tlM» t i t l^ t t t i^fi oboOTVSd* 
ljditea&Aga»3g4 t^L> l^i1>,,tol? .ii&^m « omy <lii^et t i t ra t ions 
< hydro5H»s«jlyt»d©ey®ni<3(0 tfvicen in "Urn t i t f a t i an ooll^ \mT@ 
ijosaible* The {^ cji*ose»solybdo€ty@niidie in o aeoiUB of M K(M 
ymts titfftteo vith Q#V^. iaOint* A® iim t i t i ^ n t %rfi8 atjae<i» a 
.fTf-^t^l in<?roae© irs the potential ^ a <^e«rv;ci anci in th© 
vioir^i'^ of end-i>oint n iSmrp rim #^8;-? obtaino4» mythof 
ni^itif^n of thfi! osciaant «iia fwst itfiov mw i(.y*«e^ 2oialjle ohonne 
in obsorved pottnt is l iT'irf»2U Th© t^o yeai^ntfi f*®aet in tlj® 
rs t ic of 1»1# 53!«»«illtfl <ar© giifon in Tal>i.o S» 
hsr^m^g^nlybaoi^imiae with ®eM ^^^^^ ««?« not poselbi* in 
aeici !R®cliiiiQ !:«e^uae ©f tij^ resetton be%t«©en the }i^ €lro3toe^ mnM« 
nm field, ^^cr^^ solution in Bi w f^^ )^  wa« t^ ^ken ip the e«li 
nna tltTiite^ %flth 0*1H hydro «0eolyt><3oe^ ®Ki<3«» Deeoloitrisstlon 
duo 1*® reduetlofi of K^r^o^ oee«rro4» th© OKOOSS h3r<3!rosK>» 
added 
<«r?»Ri«io^ '®'^ **^ '" "^ s^ ©cimivoloneo • point got cteoompesoii by tho 
ociaity o-f t*© rao^OBi* Table 4 roeor^© the reisalto uliioli are 
lOiovn in i^i|t«4* 
"ni.g»6 aopiote the re^iiilti* of ^tcntioraetrie tit!*t»tions 
of* 1«S !»t %^T^^ in vairying <K?ne*ntri5tiaRe of fiuilimurio aciil 
with 0»ili hy<l3«©iE0Pi0iyb<^ <^ »nii!l*» Th© rosyilts otJ^arly sho%? 
m*5t tlie ^citontial bronJi »t the onuiv^onoo^^toint inet^ap^e 
i!?lth inopoaaiiig eonoontration of Hrj?*^ ««<i i« aljsiogt oonirtnnt 
St ^ r» --'t This stirtiestfi ^n% bet ter i?©sidLt« can b© obtaitied 
i f the t i t ra t ions nm perfotwecl in m sm^ivm ofJ^ ni Hj^ T^rx^ . ?hi© 
siay |>i»obably b© t^ie to the fbiwistlon of ttCfOj ion® secofaingr 
t« the ormilibrium 
»» ticvo* !,» ©ot« iio^«fful e?ticii»ing eiiBnt than cr^p^ {lg;» 
C4 
i#a1rlffi)UgB, Wl^ ,n l!BM.l^ li<B4 » Ag the 4if®«st tltrotldfis oan 
rK)t hf: •^vfommii tfi ©oici ei»ditaif tlie hyciros^^ly^dec^ariliSft 
^ e ecitiiaiitGa by t i t ret iuc: KMBD^ aelutlon in 0-^ !J„fO «^ i:tm 
eolation cieoolottriseci ^«<ltt«lly on retUietlort niifet any 
liycirojsoeyfuiicS© acici©a after ii%& oc|uii«3.@{i<i€»•point \i?ais oeeOEi-
poee^ by t l ^ acid ooiitent of the reaetion raixtuure* The 
resaat.f^ are x^ooi*^^ in fsM© 6 ?itici ctopieteti. in ^ig»6« A 
polttlitial bwak of 0»;:^ 4VMie ahtniana tor Q»X na.of tlie 
t i t rair t m the t i t r a t ion of 1#8 i*i Kni«3^  in «-i tt^ro^ vlHi 
QmW l»ydrow><Qr?mi4®. 
fofiitlgffl:^4gli„ VitlLiai£4i@JLJL3U.ja&^m3^ ^ £n thia esao ^eo, 
only th# »*ewr8e titr'^^tion© ^ere peeeilil©. eerie «*ilphnte in 
a aodiara of #i K^?t)^  "me t itrateci with QmM liyclrosoirtJolyba©-
oyenicle* The potential r®®fiintci iJi^otieally ui-iwshangoilC rifr. / > 
%»ith thc» ecMition of hy<iroxoeyani«i« unti l s oharp fel l in 
l>otcnt,isl oeeareH e t the* ©Quimlonec i»ointt whoro th© r?i.tio 
of oes»iuii (iVi to hyaro5!0»©l;/tedoeyani^ i© t3il» iiyarojco-
e^nnlcie mmm^L ' 'fter thif jjoirjt hnr^ay mvkmd ar^ ehitniT:) in 
t ^ potv-ntifil,* ?h® change in i?otontif»l a t th© oataivelQnoo 
fjoitit wRt s«>re than o«4v/o»l isl* of the t i t r a n t (fabl© ?;• 
Frcffii the f\&T«fii!OiiiE aeoountt the Oiffferweec in the 
b@h«vioisr of the various ©itiesnts to^®r<a« iiotaef^iaa nouo-
hyaro3^»©ly^^«^raniae if self evident* only ihom OKiti&ntf) 
•,/ t i 
^i th s h i # oxidJitioii potential ^v& lmrg» infiem%/»n» ^% "^e 
eottlv^lQiKse-point* 
The mMmnvst ©f t l ^ y^Piilts of lio^iitleiaetrie ®stisi»^tiots» 
ire r^mrm^ in Tishlo B« Th© maouirlsdf nx i^nt^ eonmiraed i« 
'riTUi\m titr?»tieB© o©n*eepoiiti «t0i<^i<^trief>.t ly te t l^ 
oxlciation of* hy<3i?«j«>^9nof9olyH^te (IV; to r3©l;^a»to (VliJ 
[Mo^ t^Cl^ ^^COH^gCH J^^ * -—-t- |}^e^^(0Ki4(0H>3<H^jH ^ . C^  i 
gyra t e ( i i l ^ t Amp@is^ aaetflo t i t r a t ions botn^en potaesias 
e8*Tri©4 out a t an uppli^d potontisl of -0*6av (v«*n*c»li.»i» 
IK the ciireet ti trationis (Fig»9^t iiheii hyarossoPDlybao-
oynnicio Mia tiae<i ag t i t ro t i t \ms ohmrmu th*'tjj-fo<GfM (^c»l)g • 
(H/)iJ lone aid Rot yield auy aie»»iirati!l® oiia*rent anfi nc* 
<^ j>ii2jp in the v^  liM of enrrent vmet notod on ^© sedition of 
potf'fieliiK f^rrlc^sfil^^ until the ©cuivalone©-point W*B rer^ehod* 
Aftor that* the ciiffaislen eurront XxiGr%mm& lii^8f*ly with the 
ac€iiti«)n of the t i t r s n t . In the mrm of rewra t t i t r s t iona 
(T*i|T»3.0i (tlM» nci€iiti*^n of hydro«oi!oiyh*io^»»iae ^ lu t ion t* 
iiota^elur?! fferriisrsriiclo aolutioni "^c 4iffii«ion current (JMO to 
forri«Qrani<*B iori® <i(iero« i^«a linosrly anci r®a«^4 n m%xiimm 
nt t l ^ equiv^lenee point b«»^ ona i«hi(^ ttie eitrptiit reeiaiiied 
Th® remUt* ai^- flvtn if» Tablitell -ma IS .^M eiiKtoariaed 
in tmm.^ 13« 
Th® t^o rea^nt« react in t l ^ r^tio of 2*% (fferric^-nnici©i 
hy«aroi«©©2ri5ni<aft j • 
flie E"^  • v?tli*i« St different KciK ^orieeritrstiftrmi obtsiiied 
by FO'^^Rtietsetric titration® ©fflployini^ r p0t8«iiiiB tiesr^eyano* 
ferrate (Xli> ae tJit raediatert are ree©rfi©4 in T^ M© 16« ffi© 
v*'ltte tie or© Pi roe vith th© luaraae© in Kcil cscsricentration. I t 
esn be gseen from ?1.^ «1S tJist tti© ftlope ef v^rieue rfcrf^iitst 
lixms obtained by plotting l©e tox]/[real ajjainsft ©bisenieci 
potentiita. i s •Q»iB» Thue» the msaber of eleotron® "tekinir 
part in tlie e-ail. ibriuo pre«©?*s ia ©qaal t© t%?o i-itiidi csonfiwi« 
the vslidity of th® i^ ropoeeci reciox me^mniasi* 
the of-ffeet ot Kon eoncontr^tion on the i-:r"* • ^1«MJ of •«»€ 
^ptt&m m^f bo interpreted in a nannor as pr©i>o«5G<l by Wolthoff C13^  
ffei* tJ^ @ffe©t 0f Kca ©oneentration o« th© ferro^fterricgffifiiae 
«2ret€a« on tho bagi^ ©f 1 ^ ; ^ eon8l^i*>ti©iii! the «c.u.ftioii» 
mm/ma m i:'* •[i??/nF]l« [ox]/[«a][rei i] (4> 
fM&Xde ipdd IfiiitesiCi of the umml eousft4o«t 
r « E'* • [^AsFl In [ox]/ [pedl • 
^ P n rim€i iF?lu« ©f [oi!]/[l^dli ©Q. (4i h«» t ^ 
irarl«*blef?f E sr.l log[KQH]« I t r^nn© that the plot of K V8% 
lof [Kill] i^oul^ iTii*® f^  « t i^ l | | i t lin© 1^080 ^ope ^111 l^v@ the 
v^-lae of eC an i« ©vl^nt from Flg#13« 
rrem the iaop«t th® V«J1II© of (< itfse foaii<i ottt to be u*&« 
'^ hU8» th® ©dustlon f^pi*©©outing "ttio eflfeot of Koii ors the ipeilo?i 
ootiple i@t 
' ©3E / rod « E'' •[i«'/nFj3.n[o!c]/[i«4][^f.Ii]^»^ (Bi 
•|;yffi|t,ef ienio ftr^^irlli* F-j^erlisent® earried out ?^ -t 
dlfl%wjnt ionle stVftligttis shov th^t •Uic oiti<astioii yotcmtl^ 
morenm» vt'th inetr^nm in ionie sti^ngth (TsM© ISt t^'ig^ie). 
I.'* wt» dettftiinecl »t Olffsiirowt t^ saiJUji^ laireR (Table IB) 
in tlie ranfif :*a3*®3a''V ©t intorvRls of §*% those ¥alti«8 
t#»t« Uf?©«i to c*^4oul9t© tho ynXvms of thowio<^3m^Bie paraiaotcre 
A fi**# AH"* nna A p"** Iter th© «^«toi9 •'it varioae t©%j®witur«»» 
Vfila©« are r©oo«i»4 in Tslil® 17» 
1^ 0 
i:,at^atiQB Qf lotftiiMM» llycirQji@tfttg»i£irsi»taiiggt«te (IV) t 
Cff^ii^ittion vith t i^fl ine ie^ing* f^r i^ potentiem«ti»te 
©stiaation of p0ta@eiiiR teti^liytiiroxoteti^i^snottingetatedVi 
%?ith l^mm the eolation of IC^[^(CK>^(OlU^]i» m KCH %«« 
taken i« the o«ll and thcs t i t r a t ions »^®i!^  earriud oiit vith 
0*111 io i^ri@« tho intonoiti^ of i^ roddi^^^oXot oolowr of 
iim Rolation ao<i!po««oa «s tim t i t r a t ion prooeoQea* h i ^ fp 
jarap in i^otential n*?© ©biiei»ire(il nft^r the a<Mition ©f on» 
oquivnlont of the oxi(ttint« fho remHtB r^.r^ ir^ven in Tiiblo 18 
an^ «*i©wn in Fii?«l.i# The potential hfrnnk a t th© ««iiiivaleno« 
point vrss dlK)txt a«848ir fQv 0.0ft ral» of oxiiMnt in th© t i t w t i o n 
of P. irW hycii-ojiooyaniGle in IM i;»otii«8iura hyaf^uide with 0*1^ 
ioaii^ soltttion* only direot ti'^retiono (hyaroxo^ranlOt 
solution in iHm col l i voro po@«i1ilo« 
y; ffi^|#ft<|ii^|f,,yi|^... ^ .f^ <i|.. ,piB'^  ^ g|.i|ft., .<^ .^ 8^ |^ aais% ,^ * Only wivirst 
t i t ra t ions {fi^r^O^ in th© ooll i mm i»oaeibl©» Th# ^^^^7 
solution in IM ^ ^ ^4 «»• ti-te*»ted igtih Q*m hyaro»tiincBto« 
oyaniao sfMl vse gruaii^lly aeeolouriso4 on redttotion* Any 
hy<lroxo^«nid» a^doa aflor th# oquii^enoo point i»« €ioo^ipo«e4 
by the a o i ^ i ^ of -U*© i«aotion atixttnpo* Th« ronySito er© i^iven 
in Table W and duipiotod in fXgmW* the ohenae in petnatiA 
ifi nhoat 0.80V at th® equivfilonee point. 
The em^mn ^ bsmlxig i^m tmmHtm «f ©etlmiiti^mvlth 
K^r^,5^ in ifaipyifig Hj^ pc)^  er^noeiitT^tiotiit are &hovn in l^g»m*» 
Tim em^WB caeatay i>*»ov that th© potential break f5t the 
eoneeritratlaii iih1^4Q$ 0«^«eOf OaSiMO* a#0§X6 nm a«4D0QV 
fftr 0«(^ tfdltof hyaro3e><^siii^ 1R l.Ot f«Oi ?»at 4«0 and f^ »04 
Hg!so^ » r®«^0ti¥elyj» fhereffefet a mediiJis of;^#^ H*^ ?^ )^  aay be 
•pee^ sRxinfiieci ^ r th© ti tration** 
tltmtion© tjei^ ^gRln l^po©«ibl«# ^©tf^^>2 ^ •''' raoclium of 
m tifft^ \m& t l trat©^ vitli 0#2I4 ttyoroiastiingirfcoc^^anici©. A 
i^ary f^il in i^etentifil (Q«7S/a«a6 tia» iu th© ti^witlen of 
S«6 ai^iJoCfO^igi wat obtained a t e poifit %mero ttio rat io of 
hyarojcoaomniiae to so(ltr> i s 2 i l (T«bi« si» n i > 2 l i t after 
^ i ^ thi potontisl remninod ^sio©t unehsn^d by adding the 
tit«snt« 
Here too, th© OKicttinte vith * hiiti oiriaation iJOtcntisX 
pive l»rip inHexionfi a t the eauivnlenee •» point* 
Th© roeadtR of potentii^etrie osftimstianaf n^ «sii-'Siarise<l 
in Table St» indioato eleaiiay that the amounts of various 
oxidant® oonsameti ifi <Sifffer©nt t i t re t ione eorres^nd utoiohio* 
isetrioally to the oseiclrJtion of hyc*poic©t®triioi'anotungat®te( iV i 
ttoe 3gi|j©f«)si@1a!ifc© t t t r s t i e u ® hmismen pGimsBiwsi l^csr&iiii*. 
< F i ^ j ^ ^ » tiT® <^«©fi»4 eaanptiit t^^^ine^s. s l ^ j s f t iaw^f>ii|pd tm 
Oae ted^Ccf^Jgl*^** tons incn^^^c^ l i n e a i ^ t w t ^ t l ie »ciait l©ii ©f 
the l e t t e r * t o r e i P t r ^ t i t r » t t© i i i « { F l r * ^ # . t Q« tHe s & i i t l ^ t t e f 
t l i f t i i tli® c9*rr©at f ^ fw iaed ©©iiirfe«tfit/o^ t© tAe f»»«*iYiaaci:f>tlii§f 
^^.t-a-r t l i » t i>©t««i.«tiM iiy<lr©MCitetrs.<^?ii«jtfflR|i»fest© CJt%i «iifi 
ret^ifn^iKi he5r»<j^*»t*&ftem^t© C l i l / f ^ a e t Ir* t l ic r a t i o isf Itr?* 
Thl.«» tiw*«ft?fi*» *-^ffter^* n jf^iagitliw! mB'tfma t ^ r tfie- ei»tirtatl.or* 
Tim «?%M5c«f^  pQtstittsa ©f t l ie ®iKir«tliiir rmiSe^'K m^le i s 
©Ikfil iK® meclliM vfim cletefatwaa tsy 1 ^ pet©«tis1. wmctntg^T 
©HIT!"toll o « t ^I t f t . usrarift^ eofi iseutf^ti^i ' is o f «'0H (o» 1-0.0? i« 
The remiatp s i ^ ff©€K5f*«e«s in Table ^ « f 1 ^ r^mH^f^ i i t O l ^ t e -a 
pt«<^^« t«i1c«e plRee wi-tts t^s^ electron® t rs i i s f l r i * aifien Jlot® 
o f 1OI?[O3E3/[TO^J a f i l r «» t o^es r ^c i p o t e n t i a l glue g r t r s l ^ i t 
lifscse v i t l i a i i lOf« of u«OS (Flg«g6>* Tbmi»» the propoaea recioji 
The e f f e c t o f KCH .eofioentratiefi ©» i-'^ - ipilu© et the ^srfeeet 
ma^ r be iistet^pi^taci i u » « t e i l « r smiM^r t>& i^m% f b r h^i^^K©* 
a©l3?'b^cM[®«ttl<^ si^«t«!i* Cti t l ie t>agilis o f ^yieee e'&fuRiciBf^tiOKs 
9 
'^ ^r a niB^a "mtvm ot{n%[/[f^4\{'-Q»%mQH ^- plot or 
: .Kp€f»li?®rj't?? ^rr i©4 eut ftt alfiPeireiit teiile <ftf<safftlift 
f«^ se*Cl t4^t ltte'« f^t«!e iti t ^ Icaie stf^jagtli iiuapenp&® the 
ill n fil»sil©p mwiaier t© that fte;-* ti^ cif«^ ©?^ iX3?1^ ii9e3raiil4ie aiid. ar© 
! • K»^# «$Slc}^1.evi«ii« l«*'U«ii» rjipiiaiEi i*»imir# i*oli%®lrli» Ifisft* 
T* ^tn t.^«itif»siid eompaay* ?rS**<»t©»» ^ • • t , , IMg f p . ^^^ 
mr* hnykmi, n&tm • i*n3fro4s«» .Mst*» Fia», che-fn, 
l y . ia f ie» p« SOS* 
itmtmmmmmm-^ # ^ « 
g H.A.f t k. n »..,^|. 
mn-ffT'^r' 1-^-'- r—T 'TI rt- rd-^li-mi'Tii - w m ri n t - j j " i- iTi- i i i i nrii^fr • - T I Twrn iiiWWiB'WiPMi mtji .Hif iinn.ii 
T'lia pol«ro?Tpephic resciuetlon i-'ave of ^'^ simple (aquei laetnl 
Ion I P ueunlly Rhift®^. In the aireetlr^n of tmv^'€i^tm%%^ =^otanti«*l 
on Rociitlar. of ^ ecsiplexing nfpiit. 1-iirrjet me^iiareweftt of tht? 
t '^-'.netlfsiir nt the ciP0s.?pii»,5- mereiiry electrics© oco«r revefi'^ibly* 
' tt*i aaitiiHlT- ?"iotiifieatiari«»t haifl5vsi»» lf»r«v3f»ftilJl© enmn can t>© 
elegit vjltit in sjfflny irm'tf^nc©^. 
of pisplGf thoo'ry mryt-^n ttyr at«?bilit^ eonipti^nt y®t«*wslf»R!tion» 
in nnn^ in.^t,«noe^» yN§<ia<»t.ion %i«ve5'5i*© both kinoticj^ily mtd 
cii'^'*^ei€'n <s?ntw^Tled» nno %ho vB^f^f^, o^ i^iXr-BOctntion o^ eomi-»l#^ K 
epeaief! eotitrolf to n .rrpf^tep o^ Is'-^^x'r eicteiitt t^e eh i^JCjii ©f the 
iiviv0f?# ryfjtomp eormiwtincr of several coni^l©?^!! nre aneauntef^tl 
in %%%Qh hi&th i^iciuetftl© mm n»n-'re<iuiclM© Pii-c-eiee ocmir» in wiuch 
eaaUi?>rift lJ€?tt'?<>f»n iRO«^  (Si^ eeie© n^m lerp. radbil© thsi* othepf?. The 
ovet^ll. '^ iri*5ti<»6 C several su<^ sy^teiSB h?-!ve b^en clueicis^^tea nmi 
the nstiEff?* fyfeTiiata«!i» ana betiaviour of ©aeh eiieeJ^a iaontifiatt 
in ^caitieii to the eramafltion of t h^ i r ®t.^^ility eoii.*t«-fttr» Pros 
rmch a«5>'lie?^tlonRi the pol«i^.f^*ii>hic i^tho«l hn^^ i>e©n c>«"vel0p©ci 
©ff =^ ufseful tool fter the €iet©tT{ln«tic>n e^' tho rtmietul^ €»-f 
e0Spl©3cefi« in th© psi^t* p tah i l i ty conf»t«int Qn%F>$ nmi l l t t l © mcs-^ st 
remitted frrm the fltoisy ©f coraiilcjr i!^ et©af*« 'hi l© there i^ - P t i l l 
d 
eon&trimtlveiXy imnm4. to the in^l>le® ©f «^tey®lnl«t th© evemll 
rae<il»Rfii.'«i by whic^ mmpl%%%B of tJlfffereut* ^nc^ii* *rfcrtt<st4irefi 
underne ipe<iu«tlofi« 'tJrt€ne%«i istmietuf^e may then tee iitfisfi^ci frtJta 
©iaill'^r P€i"|,«5tt»rTNaji>hie i»ehj= v^l©tir ©r eonflfwstlon i^sy be niv&n t^r 
ptrucsta*«« *»li^?»^ liiiiieftted by otlie" t«<^ninste!!# 
VM»i©a«t ef^ms at* icnevn in ^ i e h isetni ion o©a,pl©s©e nre 
iretlttced t*^  f Immr oiiiciiiti©ii fit«te» of oxi€ili5«e to a r»i.ft»e«» 
oitici^Jtiffi f»tj»itet *^ t til© drot>pii4|r-H®{if»<sttfy ©lectreoa* aoripideri«,r" 
f»- .penerpl €^ p© in ^ i c h the pol*ro;^T<^ comai/wte of Q ein.rle vf^ v©? 
^ i c h eoff^ sspoficif? tc til© el^ et'^ otfe© i*©B0ti«ii ( l i » 
•'" •^i^'»*nX eau«tif»n of tji® %tnm i s cierivtci on tho b'l-eip 
of the fbllowifiF !^P«iiiptl©n«i 
Hi tH?»t the eleet i^ae re net ion i« ?«i«j*ei^lei 
( i i i th€*t ««^*fici©nt mipsJortinff ©l«^ etr©3.yt<> i ? yro^iefit ?^ thn t 
tiie tsurroBt i s ©nti*^ly ai'^fUsien «jptr<5ll©ci| ssrici 
C i i i i t t i0t » suff ic ient e«c«®® ©"* th© eo®pl®icifig ©i#>Etnnee i s 
.»f«(Bi©nt in th© poltttlen to ©nr^ uir© th'^t i t s acuetntrntion a t th@ 
©leetrofSe i^ urf««m ^ i l l r©mf»in v i r tua l ly CK^ riefts^ nt mwi ii»c©iieii« 
il©lit a*^  the eiir^^nt* Ttm potential of the tirOi^pin.^-aercary 
©l©etr©ti«^ n t nnQf tmirit on the '.••»VB v i - l then Im o.'Si.?T'e.'-j?s?3hi© 
ci!« ffl«i til© con<aititF»tl0riB .«^ t tli^ eloetiwtie aarfecse of tlf^ 
<^«jiJleii ianw in th© l e r e r "nd hi.fiier o^ifH^stlon etate«» inspect-
lvely» ?^ fid Cji i« th© e©ne«iiti»iitieii ©f* X « The «a/aatioii ©f the 
%i*^ w ^V.X b©» 
U.0601 
nnd th© hslf*^«»¥8 potentlJil I® riven by* 
in ti-i« e<!Himtlan k *ine tc^^^ ?iir© proiKjrtiofmi to the 0.a?5j!« 
rfjotf? of the di^ fUmlOR ©©efflc4#ntp of the cK>Ei^ l@it ioni? in th© 
hirher '^ mt lo^ier oKi4ation st^tckgt* 
«'li®n th«^ fi*e© ©nerifieB of the v^ri©ar> i^-orfoible ojtidntion 
reduction 
8t.!?*t©(?» c»f ?? eoE»pl©jE wm%^\ lor) nre f?iifficlcntly dlfe'ren^/fVaffi P. 
hl ' i ier t?^ « lot-'t-r oiriafltion ptat^s esn proeeed in. RttS^ n©?*. n^ t the 
tiiPOpi>lnr*<^^€«*py eleatf^ti© to pwdiico n afl«n>ri«f-<" eonsistlnrr of 
I •; "7 
i f ttief»e T^sctleiift *^T^ Tovfeiralblo a t the uro^jpirin-^iysrcyapy 
®le<jti^c«5t the pot^mtlRl of tha tntter nt i^ointa- oii the tXvf^t 
vf»w ^113 *>© f^verned by i*e«ictlon ( f j t ntiy. i t wi l l obey t l ^ 
rel-nttoiif^hli*« 
0'*' the firmt vm^m will ^ « 
^1 
niid *iie hftlf-i-wnve jiotenti'^l i^. jMLven by* 
^ O X . 
r@ct« 
At pointe oiJ the wteoiia %R-vt th® pol*©riti?f3. o '^ the cirfii.'i*iii.f* 
tsercui^ el«ctro«^ i s gsvemea by re la t ion (6J» »fid i© gi¥©n by * 
I,• a t $-«• , _ y i i m i l i W i l « I U B W I I M i 
"rftd. 
• 
vhers i.^ ie the fn^mnv^ pot^s t ia l of* r©«<!ti0ii iB)» 
et K in pimf?ent| 
l e r -"""f" i llJ 
ifher© '.,1, if* riven byi 
H ?t,„ Jrt-a^ 
ivo work h f^? b«orj <ione on t l^ hjrctroxo G;^ ano,f5en €fOfi4)l©x«e of 
rialy a^denftim nmi tUD'-irt^n n» ref^r«i« t h e i r behaviour p.t tim <lroi>pinf-
m®rcMfy el«*«rtroae# ?^tatilep ©n the* i>olfif^«Tiiphie behnvioar o^ th© 
." :\ 
€^mjle% hydro»oisy« t^ila®f* of Skolybcsenim nnci taaigston la ftlkaliti# 
f-nd aetttral tmaln are aemcrlbcti in t h i » chapter. 
mmmm% 
^ •tr'ie<jher rineorosiod® vep us^ct for pol^ro'^cn^l^lc EsesmRiap©-
?^ottt«« THUS e«ipill«fy ttned In ®il th^ i^«fittref«»nt» hmd « 6rep»tte« 
of 4»67 aeo« (w'-t o»OV vs. f=»C#r:# In vatori* Ml tho iiotftBti«lii 
\mre fm^m»m^d vltii it s«tur«t4id e^o«iol ©leotrod® ««? ref^rene©. 
The ee i l ^mr• tminiGT^u in ?• w«t®r bmth therflKjatstod a t 3Q«0|4J.l'% 
CmlntUi wf^f' a ^ d ©a the fflajiirauB fftt^prepeor* Th« ^Xutionit 
^#ero protected from os^risn by vigDi^ua b«a»l3li«if: of nitrofjan prior 
to *.he polar©.rrsphic E»« i^iii3Poments» The nitror^Dn assci tms freed 
•froa os^'fisn by i^tirring i t threui* ehrtJiaoiis chloriao ©net alk»liii© 
pyro?mtlol aolutione* 
i-'otnppitm hydro!^ t>Bi0lyt5aocor«ii:ilde snc - tiir»g®t©eyanicie 
i»alutioni» %mvib iH^mrtna «s d^soribeil enrXier (Chs^t^r I) '^ uci 
«rtandfirtj,iE@d by t i t r s t i n p :/Ot©ntioiwitrio*illy af?«»ln??l. mt^.^mium 
fet^ioyani<i0« cnt^tm^'^fr^e potspsiara hyaroKi^ S® i^lut ion 'ms 
pro puree «e«9r<iin.fT to the inet.'-motiona of ¥osel (Sji tn&i et^naaril-
i»©d by t i t r s t i n r ®/?»lnet st-^nd^rd oxsl ia «oiG» 7h© ionic strcn.rrth 
vase fi<i^ usti?<i by adtdition of ^Hs>tmmm%vm n i t r a t e . All othor sclutioim 
oraployod voro .)rep«r©d fro® An.««l».« (B.D«ii#^ fTmae ehoaiof^ln 'jne 
<e?ti>ndBr€li?.«d by conventional siethociii* 
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tQXUtQSm&MJSt,^Mj^m^iUmMMimm^Ql:iMooY?nM§. -The polavoFxa~ 
iJht« HehavlottF of TW hn» hemn ii»v»»tii#t©4 in j^tanaiaia hydvo" 
niOB isediuei* Tc^  iB oxldistd at ci*«»e* pi*o4iieifig t i» vsvee* the 
e-^ ffeet 0''* ciif^ #f^ Rfc e©f»o«Rtrf»tion« of K,oii fl»a TO*^. oi* the ^VB VSH 
ntudleci cit sn Xoi^ie wtrenpith of a«l.6« 
fhe E|„ of both voKep i s # .^ifte<l to cofo aofptiv© ai<i» with 
Incrente in fCOH eomsentrctios* Th« height of the firgt «©%© 
€%6i»e»rc(^  ana thftt of t ^ Meoi^ vave ifioi*e@0O8 vith iticrenao in 
f*H eo«0ontrf?tioii (tahlo X8>* fho *»l©t© of U '^^ n^d 'i^* ve» 'C o^n* 
yioid straight %im^ vhi<^ rewojL «jr t^ thi to t ' l heirtit® of th© 
VIIves fif« pt^portionfiX to *Ui© ootu^n^ration of KofU The plot® of 
log (i/i^*i> w« ^^ n^ e^  Ei^ «traiC^t linon ^»ith s t^Qpe of 
n^preximnt^ty a«tB Cfig»»S? & 3> nhovinif the irirovefsible R.ntafo of 
tI*B vptves* 
f o «6© -Ui^  inflanooe of T<^  eotiooiitrtiti<>n on th© «»eeond 
t^iAt ^ noriop of i»olnro(»rnBie of ^wjiution^ ooirt^ iiisiiug dif^f^itt 
i5a9ount« of TO^ in iiresonce of a#iH K^ .H aua 0»Q i^ iplstin h«<i h®«a 
t^oii* the half««@¥@ i^t@ntial remnUm ^BQ^ «K}n«taiit «ith 
Umnmm in t<M eoiioontx^tioti (Tftbio mu ¥h« Xtelting aurr«i9t 
Gioofi net 1^^ liti©«i?» TnlBti0ti0ilp vith fCM eo««©ritration(Fi^4i« 
i 1 •) 
the vfiltie df slope ototninea tipom th© plots between log ( l / l^*i i 
?^-f>^  i'^ *i * ffHsialiis oliiowt the sai®e a© in tli<j e*iee of <llffei«at 
oonoentwitlofis of Koii» 
Tim polai»ogr®i>l4le i>ehf?vi©iiir of TCW hn& nl?50 Ijeon istaoloa 
in eolutione of neutral ittlte (KC1» hnd «n4t4Cl>» Oiay the 
n©i?»3ti^  ijot^ntinlis were njii^ lleisu In tftls imn^§ T&\ %mti fsond 
to he o%%a%m^ produelng eiay one vaw. fable U5 laiowe thftt Htm 
vwltie of r..i vith iKjteisaittB < t^©riaB n^ pupi^ortinr eloetftjlyte 
rnttma t?tm -a»S8 to -#»30 volt. The vslue o^ the iClope of l o g -
(l / i^-l>* F.^  ^ r^ lotB ie ©boat 6Q «v» thei^by indientln^ » r©v©r* 
eltHe electron re^etlon* with a p«i^iisl iMQre^m in the ionio* 
etren/^* t^* difftteion ciiri*ejit #iove ^ resular a©er@6se(Tf^ hle 10i# 
A ©irail«r etate of affftlre i© envieogid in ttm e^eee of 
(fKiiliiiei i^oride &im litniaR chloride @e mpportin^ eloetrolytee 
( Table 19i* 
ijaSk^mmmM.QtJMMMS^^mJ^lBW^ * If^  i»ref«n«e of 
?:cHt tc?P yiel4f5 e one etep ©Kiantion ^^w in the potentiia ranp 
eraployf^ fi Co«0 to *0*@v;« The Ki ^ni i^ v?liiei5 remain ftliaoet 
eonetsnt with inerew i^e in ^-(M eoneentmtion <i^ig«16j» The fllo#e 
of lo^ <i/i^*i> ¥«# E^^ ooraee ©ttt to he 80 nV« The inflnsnee of 
•Uie ooneentretion of TcT %mm 8l«o inve<3tl«mt^ tl keeping the eoiSMaen* 
tration of KCH oonnt'^ ttt {QmWu In this orarse f^lsot the K» imloee 
reisisin ooB«t«nt. an^ the? ^ope of leg-^loti* ir tlui eaae* «ut •«» 
plot of *im* ¥©• c^ y^ yioX^ a «rtr«i^t lino f»A«ialiiff ^ i^t t^ 
th© orifln {Fig«17> i^icli rowsla that tfe© total i*«l#it ©f 'Wse 
WBV§ Is proportioii^l to tha ooiioontrdtion of TCT« fhi« ie of 
fiRnlytiotl im9ort»nm anci may h& tttili8«4 fisr th<9 ci«t«tmlnation 
of tCT in i t s 8olution«» 
The poXswjgiraphie beh*?irio«r of Td? %me also ©taaiaa in 
fioittml i!alt eolutiono using Kd* Unci mi^  Liol so ths mii^ porting 
©lectrolytee* The fc^». • iraluos ai« al«K>i?t inaoiienaoijt of fUee^am-^ 
tyte ooneontrfltionn hitt i^ memnmn vith the inoi^ae« in ionie* 
«tFen;?th (Tablo 30 ^ » Th« plot© of lo© (iA^*i> v«» E^^ vhii^ 
nr^ line^iF vith n alopo of 60 »V in pota^niOB fialtt giv« linos 
o^ di^ f^ief^ nt f5hap© i^ ion clanging the oation of the «iiiiii»©rtint 
eloetf^lyto frtm petn»tfism to eodiiM or lithiaBi« 7hua» tho out ion 
©^  tAc olee^polyto e«tti«e« a ohanip in tho h«h«viottr of the f^ritmL 
from pewrsiHl© throuir^ i QUftnii^iwrsihle to iirp©v»r«ibl© pyob«^ hly 
#i«i to the edoving aoim of eleotrods renotion* 
1« •t».T« tinipMi 6h!ia* nov0«» ^ ( l ^ l i !• 
2» A«I« VOjplf Text-Doole of f-uftntitati'wi Inorg^nia MmUfmim*t 
n 
i,i,„f.„^„^J'.»,*.JII 
if 1 9 
JL t-^ r--^ 
A f ^v lo t j ©^ the chemical l i teret t ixr® shofia -Ui-nt very 
l i t t l * iKsrfe \m% bQC'ii done OR t ^ e©i94»l©x®© t$t l^dwisseoyRii&ino* 
lybdat©i?# Ciay a ffew lfi#«9ltt^5l© utetni i$os)|>lex90 h a w been 
u tad l tA by -yie laetho^ o f cheiaic*^! aiiialyf»is ( I t S i b u t t t o ®y 
li^mi^edpe* 1^ i ^ f t re i i oe l e awi l lab l© on eoltable taet*?*! hydros^* 
«yii noiiolybd^t® a • 
Oil fa|j«li>ief 9ioti0©u» fl0lat4©u«9 o^ i ^ i » d y l mHphate und 
tnpotanjssi iw eG«©«1irlhytirox©t€Jti'soysiio90lybci.nte ( IV i# ?i eolitbte 
v l e i e t eomplex li» o^t«it ied» Bepider v^nstHtwi ( iV j i t th© oth«»r 
fflet!«l «^WLeh al»!a5 piv@R « i r lu ls l© ooai»lej£ v l t h Vm TTjf'ront ! « 
t i r^n ius (VXi» Th« eel ©UP ©** tM*? ooiSiJleii l a reddif*i**5f»o«fu 
The cetspoitltioRj* o f th0i«e coapl@x«« hsi?e boou i?tudl©d by the 
»l>ec1a^t>h©toPi©'tt^e ar«d el©cti»oi»@trie raetliodp* 'tfoabasrh and 
C«op®r»8 sael^ ^od ( S i "wise ecaployeii t o ! i «<^ r t * l n th© ^lyy^or o f 
e©iaploi««« j^fTseci b®tiife«» th® reaetRnti i mm. t o r^sloet the 
w»v»«3.©*iir^ 810at eiHtoa fti«3 !so0t i ! « f i « l t l i » f o r th© eotapouMe 
uffeiep ir i i«8l4..*^t ien« the eospoei t lo i i f o f tlK^^  oompl©i^ ©f« "nere 
a c t e t ^ n o a by »tob»8 »©tl>od o f eontliaioii© ve r l ' ^ t l ohs (4> ?iffei the 
^ o l s r i?«?.ti© laethod ( S i ^ s p l o y l n f ep©ct i^photofr«tr ie t^dKrAcuo* 
the aethed o f fiey n^m ^akhor^oo <©i i^se u»ed t o ©wlufi t© the 
fOrmstiof i ooK«st«fit o^ *lie <soapl©»8i?» 
•1 '^ 9 
Thl# petlioa o f «ta€^iiifr tfe@ eomposltion o f eoaploa^s i s 
o f eistrtanaing ispotptanott In th« r&ala of {;>tiy«lo8X*liior@^le 
< i^(»i5igftr|r* ^ w meljioa I s kootm ne the aettio^ o f eofitiiuiotto 
varlatlODn* Althou^g orlelftslly msWieped tor upoetrophoto* 
?!ieti*le tOf^ mlQiiOt ^im m&'Um^i hue nov boon oxtenaod to attier 
phyniofil pro^i@r%%Sim sueh as oofKlttotivlt^t »olar he®t c©nt«nt# 
s^fr»etivlt^» etc*t fma m^meB mm of fsa^ r mesettrsme »m%t%y& 
pFopopty of two i5i>©«i®8 III oolutlon8ff SO long as tite |?i^ p©Pty 
hee dlffiepoiit vaXuoo fter one aoother* A«y eoisyi^ lox tbnm€ by 
tl^ Intevfiotion of ttm tifo oosii^ ononte iaui«t glw a imliio Ibr tlio 
PHBo pvop^v^ %)lil^  la oifftgrent fsi^ osi Urn i#Bl^tea mean of tl^ 
iDilUAft fbr tha 8«imrato ooei^ ofioota* 
Tho 8*^  i4 l o t i o n of the aDtlKj^  aay b© exaapllflo^ by th© 
9laplei?t eeittillbrlui!! of tli© typo* 
r^tOT^  A i«ep?ef!ento @ metal loiii %$ a eoor^dnatlnfr i^ poupt and 
A B i^ ft o^tplox ion* 
To detOTQiliM fif f!!0lutlefie of A una B of the mum tsolar 
oonorntrotion at* aljieti In mt^ing i>tt»p©ptlon®t ami s aaltable 
I -i 
pv^p^T^ of tli& romiltiiif iBi9ct«if*oii i« vm^mtm^m the aiffei^neo 
CY> botMeen e a ^ VAIUO ffetaid «ft6 -^e eofToepoading v^uo of tho 
pre&9v^ oaloilLiite^ fbi* no i^setion %m j o t t e d « i^St|nst tho 
eo®pe«itl©n« The resudtinij curve <l ^iPinst ooiapQeltlofU givee 
a emxiBUR i f the pvep^t^ tsoftstxrea has o larip? v t^i@ fbr the 
e^splex ion than ftiv A or BI or a mlnSani i f mail@r« 
*To%i h&e further eliowi that the a(^|K)eition at ^ i e h the 
diff^renoe it ie a c»ixlimiB or lainlflstia bears a einiple relation to 
n of e^iyation {Xi an4 ie independent of t}^ e<iuilibriti» ooniitiint* 
If Hvs aolar oonoentrstions of l^e 6oltttiU>na of A and B are not 
the «aae» tl^ position of tt^ maxImiB ifi the eurve ie a funotion 
of the ectuHibriiam eonetan^ a» veil ae of n# If n i s knovn «n4 
the etabllity of the eoaplex ion ia not too greatt the equllibri\»i 
oonetant mn be t^ei!<mineil« 
the abaorption of aonoA roiaatie l i ^ t ia a attitable property 
fbr thia e^thod* beeauae oomplex iona are often differently 
oototirea froffl their oomi>onenta* ^lao» laie abaorption of l ight 
i s propoi'tional to the oone^Rtration of tho sbeovbing epooieat 
t«lii«Ai %f> one of tlKi neeeetMiry oomiitiona for the at^plioability 
of thia aMitho<l* 
Let ^^ nixtorea be mem by the acioition of x l i t er of B -to 
(Xmn) l i t e r of A (x <lj» vith i^ eppreoiable Koltsae c^ tanat on 
mixinii* Let e^t e^ @IM2 O^ ^O "t^ eenoeiits«tion#^ of A» B attd 
ABijt i««f>«etli»ly» F r^ any eirlitre tiie ffello^lug ec^ustione 
Simply • 
wh«r« « i s tli© conoentr^tloii of both A tmd B In laolen per 
llt8t»» 
fh© eoBdltlaii tor © nmxIsRisi ©f rainlimiBi In tJi® curve § 
e^ iKirsu© »• It thstt 
Blff^renciatlon of equatlonr! {2h (S^ anii (4i sntt cowbinatian 
of the tliree remjiltlng aifffer©ntlal ©<|iiiitiofi«^  with ©quetlon 
i2) to {Bi ^¥©ni 
Botominatlon el' th@ value of n f^r i^io^ o^ ie ci saxiotm 
eXio%rfi the <r)loiiletion ©f n Uy ©<stiati©n (6U 
I t c**n nov l«s ehovn that e laaxlfmtit (or miniiaasi in th© 
fil^eorption of swrioehroastio X i ^ t whon n ie varied eoineidea 
vith -yi© maxi^ itsi of 03* If Bj^ t K^  and ?^^ nre the ertlnction 
coeffioient® of A» B nnd m^^ at a f?iv©ri «ave»l©n,rtli» the 
optie^l €ieR«ityt 4* i s 
^itmv9 1 im tJi« lengtii of" path «f the li|?lit thf«a|ti tlie 
iio3.atii!iii* 
L«t If be the ciif^r^ie© betifeefi ^ «B4 the optieel 
^n i i i l^ that tha ^Xutlon w^vO.^ h^m had If th©f^ hp<a t>©eii 
ne fNaaotten on ©ixiij^ the* tolmtiona of A ©n^  8» 
By diff(ir@nti8ti&g th© «Q«»ti(^ (8^ vith r®giJ«ct t© n i t 
e^n lie e^^m thr^t t in » t38xl«iia «^ii e^ i s a nmKimiM i f 
E^> f.^ or a miMimm vliea e^ i s a maiclsitJBS i f E^ <Ej, • 
Kefiee a plot of f agriinet the composition of th© aolutk^n 
VG^SL^ give » earm %?ith n mmnimm (or taitiienirs^ @t the oosposition 
«et>i««9oeliifit to t ^ fbni^ iala of the campion* 
'"^ ol» (7^ eta ted thet the sKjthoil %mm not ^noi^ l ly 
iippli««%lo to eystoma in ^ i ^ sioi*® thon ^tm oos^und vas 
fbnaeil* Voetiuri^ a«<a oo%'OrlE®p« <3t8) tiieir« loiter aMo to «i*ply 
13ie eothod to o «f«oial e'*a« i^ - ^ l ^ llioy cieteifi?iiij«ci the 
nntisro of ecmililiTiiM iniPDiiring th«^© oeai^owiii^* fhoy h^w 
ohoim that the i^fftilte aipc iniSopon^Lont ef %?sve«a.©ngth in ^im 
^mm ^tmre only one eempl^n ia tormmii Hut tho %ifiKie«a@n,rth 
playe an iiapoTtant role in syeteiap' iriHor© me^i: thati on© oomplex 
^ . J ^ 
vemSl%G* Ttmy ht^m§ therefore* reof^t^ena^ timt a eei^fta 
seleetiofi o-f "pavc^-leagth i s recfUireci % i^3,e ptuc^yinir complex 
ion fte«5atiofi» fli©p« Qutiiopp have nta^iaa the QoiB|»ioxcii« ef 
m^^ vith e*j»h©riBrithi^line anci eth;ylei)e 4iS!nin© f9Fm©<l In the 
f»ati©8 ©f l « l f 1*8 »liti U S and eopper ammonia .i0@^X«3$«ii(iratiO 
cu®*» Mt«| as 1«S «fia X«4/ mma thtt» eotifiiv^Gi the vaiitiiity of 
Urn m^ i!ietha€« 
M^SJC^SiSJa-ititeai * «iioth©r giethoat v h i ^ i s iii eot;if30B with 
the «(?>«otrophote©etrie raetho«l8t i s th® «3l©r rat io MJthoO* Yoe 
and ^otmi; (loe*9it*; iiitroiiu&ed i t %^%«S% ootmietm of keeiiir^g 
iMw eonewt'fe^'tiofi of o»e G©®i*oiiont eonetstnt ^nu e^tewiing «ie 
^fiatier* ifi oj^tieal (l@n«it^ of the eiiseture ®t vnriou« 
cotieentrwtiofifl of the other eoit^ ^oneiit* fhe tot^l mlmm of 
t l ^ ailrlila*® ia alwfjya kopt oonet^nt b j oodii^g ttMs t^aaioite 
amottfit of the solvent OEI^O^4» The vori^tioi^i; in optiool 
mnelts^ ^T9 plotlwa ag^in^ the taolar i»i>tio of the wtriabl© 
0(mi^n»nt* fho oontinttoua carm h^seom^p horieoatal a t tmlnv 
f*»tio of thn oosii^ oiientfi in the eomplex* 
In « ^oaifieation of th te so-Uioat llar^oy aaa ElatmingC0i 
l»0inte# out that i f 1 ^ e^ fe»l63e vmnmrm^B &n apt^rooiahle 
^«^«eeiittion in soltttiont tJie oontinuott® ownm lUiy booome 
ai^^^roximstely pafallol to th© m&XciT rntio axie ofCly %»h0n an 
6X00^6 Of th© VRfistbl© oomiionant %ia® ationci* Tl^y aiii^lieci tb# 
J 
fm^bo^ ^ oon^pollinf the ionio «treag%ii of ttie BOlution^ 
hf the acMiti^fi of an ttiiraaeti^g eXQe^*^ytQ &uu mtam tlio 
oupifo to tif^ iOE iltaf^ly nt the oorv^ot fl»3>or Mtlo* 
ISBE^SI^ m>C.Q::l,6^ Ml,.,|?f „, |ltg„ gflJiltg * 
?h® method €teseriSi©«l ^^ i:«2r a i^ M.tiiEhoy^ oo (lGo*eit*> 
vmn mssilG^Gd to o^l-uoto tho f^rmatian oen«rtftiit of tlie ootsploxois* 
Thoy haw ^inoiMsoll 1 ^ prineii^lo of Hio ftotiie4 and nhi^ fod that 
tho fOnsat&on oo»iitaiit» ^# for tlie ^iMii*al as^stoiat 
l o 0 . i» i i l>y the 6f|ii8t&oii< 
X 
(a - axMt» • nxi 
Of K » rg""'^ '"»J ••^'•^-'"•'•?" i^ Nin a « n « 1J 
fAmv^ K %& tho oeneoKtratlon af the ooe^Xoxt a ami b arc ^10 
Ini t ia l oonoofi^fotiOBa of tim roaot^nto* Taking tm oai^ eon* 
ti^tio»©» m^ an^ Rg ®*^  ^1 ^'^^ **g' **^  "^^ reaotante giviiifj th© 
imm oftioidL d^a i%* i*o* tho i^ oiia mlvm of x> 
X X 
Kii^vimg, the ymlvm ©f x frtsm th© abava ©fiuationf K can l»e 
caX«wa.«tett f?«oa fiiffer-snt velaop of a nn<& b» 
1 
t r ipet^seiwa aciii©««^ihydr©i!oteti»fieya»^aol^d®te (iVi 
«a» prfiq?ar©«i .%n<i »tai»ci'^ r<lifi«ei QR tte»0rtl»#ci e a r l i e r (Chapter ! ; • 
Vsfiaciyl BUdphats (n raonohycirst© of iUT>«fi»i %mB uaed In 
til© eKiseriraentB* Itm imlution ¥©i? ^roparea in alr*f*©© 
Qone&iativit$r vmter arm -^^ «otKs@n^!*6tion V&B ootcrialiMd ^yravi* 
laetr ieal ly iXQ)* f^esh f^lutiof) tme alveys proi^ared for ©soh 
ffl©t of ei£i>erte>©»te to «voia hydrolyaia* 
•\ B^tk aolutlofs of ttpsnyl ae«tate ¥8t« preparott fpoa 
the •BfifeoF Analyse!* tJOg( cHg0>o >g» SM 5^ i^ nd i^ ms Btfmmri^m^ 
gmvlsietrlegally l>y oxine metho^l ( i i «^ 
fh© i>li of til© aolutienff tsm© a^un tad by the acidition of 
8»!!i»$nii( •• ®»©nit» cMoricfe buffer* 
4li80f<l>ane« jaeamiroBieiita were erarriefi out vltfe Baui?^ and 
hmSn spectronle 2)0 eolortiaeter* Th© yB of ttm soltttiona vae 
reoorooti v l th Boctean j^-ootc^r tsoiai^ VL2 %'lth .J^ORS f^m oGloael 
oloeta^t^a* 
All ra@Ris!aap®i^nt© ^ or@ oft^'fled out a t gfi^ 'a* 
• ^ 
BQf^ f« peTtsfming the nottiftl ft3^p«rl»eiit« to ilst^ralne 
««ci cooper* 0 taetlioci va® ea4»loy©d to 8«e©rtain th© cmmbsr of 
o^ l^©3t©e fterraoti liety©en tli© feaetanti* and to eeXeet tiie efaitriblt 
vsipB«^eiiitli to ^ f^k tfitli* fho option agiisitJUia of vanadyl 
fl«a.pli»to siidi h2ftiroicof!)oly1>dooFeiiil^  soltttiofie a»d ^eo of their 
mixtairee in 1 ^ r^itioe ls3» li2» %iX% 2*X anci 3*X %f@i*e aetomiliied 
at ^a^«aonfth«; r«fifltig fsron 9tB to ©60 ep* rimllari3r» the 
optiofldL <lot&@itieo of WTBttjfl »ootote oolation mm ite miistxem» 
vlth h7cii^ 3»8K>lybebeQfanl<it i#ero eB«0i£P8^ 
A« the "Peaetloiif boti^een ttee -pooctwits ®r© flowt the 
ao««Mi^ f!«iita of wn^ a^iaui (1V^» hjcirojioaiol^aocyenMe asy^ teia %?a® 
maao »ft«r 30 mifittte«?f ?*fM3 tli«t with urftftiuss (vi> sft«r 76 
mlnatsa of mixUig* the asxiftnw timefi i^qaireii for oeM^letion 
of the ree^octive roaotlatis are xe noa 60 ninates with the 
lo«eet eoRoentrfttlona esj^ Xoyea In thie inwetlpstior^* 
the ra^ats are t?ib«a.©teii ee follo%r@i 
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the gti&iies on 1 ^ iieXtt%d.e mm^^ hy^st6iKQmSL^/b6&is^ti6s 
oQfiplOK ¥mm f^ xrt^ r^ 6ift@nasa to t ^ @X@Q>tr«>setrlQ ci^ ttidde 
entXeyliig eonautcstaeKstrliit ^tonti<i«et3*lo aM Mipci^iiietrict tecduiiquee 
f^r iim Qow^nmtion of «i>eotPo^ i®'%©iaetyle results* 
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The 8f«ott«i»hot<^(eti*lQ methods osgplojre^ to n"^^ the 
vsnadiiia (IVi • hydroxosiolytjilocyaniiit traction ri¥9e tho 
iblloaring infoTBiiitiotift ref*Rwii«e th© eomposition of the otmplent 
(ti m^wp0i n^m Cooper*e Tiothodi ep^lioii tor siirtiat*e8 
(^^*t[Ho(Gfi>^(OH^gCB^f* m l iSi U29 H i t ^H aM 3Hi tmmd 
th?5t the o^xiraum abeerpticn t^ Isei^  »l««w a t 56w sp (Fig.f^i» 
tl^rei^» inilicstiiig the exin'toiie® of o ^ y oue eosipleii «itli 
Awm%* St 5S0 c p . 
( l i i Optical <ieii«it3r of t l ^ mixtures o1»taineu on mining the 
refiotants sceording to the «Tols«8 nietho^ of eontinuoue v^piatioftii 
were meafisurea fbr the rei^ctant €^n^ntratione 6»66xlo 1^» 
6»0xX0*^4, S«r3xl0*%it S^aSxXO*^ sua S»63ao"'%, The reiiullte 
wre aepietetS m ^if»3« I'TOKI th© eanpsa i t aiij^lit be ifieeii thi^t 
in e^Qh ^m 1*K5 «©a^inin£? rfiti© oomep out to be i i i i pointing* 
thert^yt *Ui© fbwsstion of the ofmplex lc:V©r«o(ai<'i^ <OPj^ (ll^ >)] t 
aecor^ifti^ to the stoiehiometrie eet»itie«» 
{iiii Tfm Tom£L%n of .tob's fitetho<i "mm f^irt*ier confim^ci by 
!!i»l«p r«-tia e^tho^ ii-^^QrimQtutm enrriea out ^-i-l^  
nt 
0 
«lif*etsjiit oonoei^Tntiotig of ^m f^aetante (e»66jtl0~^f 
&«0x}.<^ nn& 3«^Sx3.0*^; At §60 8^ fl¥> tlia mms om^iniRe 
ratio flop the rtaetaitta (Fife#4 & B>« 
(iiri Th© infiaeoe® of pH on tli@ otmi^ lex vsii! itiveptii^ted by 
iseaffuring tiM a))eef%«»»e« ef ecmi!sol.^ r laixturee of tli@ i«a<rtafite 
of eeneewtration (7x10 ^4^ iii the ¥sw«4«Rfth vnnm *^^ t© 
6S0 i^ ju The i<e#iiat€ «iiow that the )^  max* at 5&) in^  i s re^ilisea 
Ift th® 0i mnm ^•^ to 7»6 (flt«6i* fhie eim^B Urnt the 
eoaiplex i s stable in this gB v&nm* 
the mX^m ©f j^© ft)i»mfttioii const nut t *^  • %?Q© italmHatmi 
lisini^ the laethoil ef m^ nm^ Mv^tmr^ (loe»eit»>» the 
ohs©ri»tion« of the oontifiootti! v^^riati^ tie f^ttwci f&v oonoen* 
tf^tiorta (4x10"^ nn^ 3.r^ S*%4; hnm heeii txtilisea* the ©ptiowl 
deoeity (not Y> \mm |»lotte<| of^lnst ^ e ¥Oluee of VOFO (^n8b7i« 
WOT "Uie taixtttree heving the neoe optieel aeiisitar (a*4>* -yie 
irlt»e of the ^noontrationsof VO^aiid [^o(a ^^ (^OfUgd'gO^ l *'^ * 
eese oat to tie 
a j^  « ©.48x10*^ t fej^ • ll*iaxlO**M 
fig • ©•f^XlO*^ » bg • €• 61x10*% 
the ifslue of x from the e<|uatioii s 
eoedf! oitt to be i«3©jeiO*^ t^ felitfj glvsa the wl^m ©f »^  a» 
Tlw fr©€? «iief»0r ©f f&iwitirtri of the ooeipidK V8« 
eetXetilAted vltli tli® help of ttio ftQttntlofi 
i^ hei^  AF^  i s tht «t»n#ifHl fre® i^M^ rgir #}«»§»• ^t th«i fg^ e 
oetnetant ^na T l# -yi® al>«olttt@ tesiperatai^* fhe fp©e ©nePjfy 
of ftejwattoK of mtmi^ hycspo^ofsol^ iSo^aiii*!© oospl«K voi^e 
out to be ( • 6#66 1 ^•li Ko«l0»/a5Gi« at t6''^ C# 
ftie ooaposit&OD of t ^ o^npl#x %!S@ fuorther iso»fifeo4 
by 9lftotfOi»t9ie @»tho<lii osplosrlng oofidia«rtot3etri«i i^ ot^ iitlo«» 
eietr&o ^n^ iiiiii»«f^ti»le t«^it)iqii»e« Tfe© reirydtt Qf« fatamnplae© 
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I t l 
'-'4.'^T|MM*>e.•^WKumiHwiwHniawu n,> •WiiiWmiWii<MW>li»im».iW>itmwti. -i»-«><l|MWM^aw.^ 
%n -Urn tm%$m ©f H i . f l ia« tli® e®^*©«itl^m o f the ©c»i^ l.©]t» 
©r Ti:ig^*»[M<K€^i4(«J3(R^>J^ «» 1*3* l t2# H I * IJ i l mti S H / ne 
isttjiiliiiii ^a« o l r t o l m ^ fiko e p t t e ^ O^ns l ^ d^er^ei^s wi th iri<?f«aat 
l i t %m¥e«40n^tii aiici %» h%0m0% m% 0&S j p * ftie 'fm^m-^mk^ii fmeA 
gnitstDl© to i«jffe v i H i tft J^O a ;tt ?*« tli® i^h&^f^m^&B ©f both the 
r@ftertiiiiit« i s i » f y l«ir Rt t l i i p imipi«4.eo^!tli ( f te»€>* ^«««at8 e f 
.fall • a ee^iotl {e»rrk&^ out ftt 380 !s;tti f ^ tti© f i ns i i i f f ^ i «B t f?@ta 
et s^^eetitwitiMi© ( 4 i a o * ^ » S^SSiAo^'^. S^Siiao*^*. g^giO^O*^ 
(OHigCi^^iJ C?lg»tJ* tli©ii« wmmiL%m ^to«i «ai»popt l a the laolmr 
rfttliO is3^^<M T i ^ l O i i^!^f« tl%@ isfm^n^emms wntrkr r«t l i» istxnps® 
l»Q€«»a6 p a i ^ I e l . t o tUseiitset «t t iw emm e@^ia4iig tmt io ( X * l i 
o f t l ie t««ifirtiait9« 'Bm etmpoaitloit e f i^@ ec^^Xex « ^ t t l ^ i ^ f b r e * 
b« repfr90»iB^^ hj t l i§ fteftama i«fcg[i«oCa*i4Coii/g(}l^i] eccov^iiig 
t© the ©Qtmtimi* 
fhm fteff^stican QOiii«itafit o f ttte iw'si i^ -*jfii!^ieod©3^cie«yfyfttd(B 
t?s« <^t@tmlj^d by t l® ji!«s» sii!tlK»ii ©?* <ieeribe<i l a ^tm imm o f 
1. ^•f. -T^ ^^ o^tj «5iKi G^wi^filevies.,, ^fmmtm a iem. , i 2 (12>?'^ )S76» 
t-1®t*-4>r«Jft>d»» H « t » t W%M*t Qfmmi^ t&mf (Wmjf ^m 
4* fc'»-"^ol^. Aim* Ghto. E ( l o > (If^SBi %l?.» 
f i i 
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Thin ^»pt®f* (3»mlm vlttt m^m inmlvM.Q eorapomfidifi et 
potawptws ffl<iiie-t^ap©«oey«rio»ol3?^d«t« (i%i and potaesiyEi 
( 1 / ohrcmitBa (iili*>$ aannpRe®® (ii>**» lw>fi ( i i i i - t ©ebalt ( i i / -# 
nlclcel ( i l /*» eoi^per (ii>«» 8l»e (ii/<»» A M slroerdiBs (IVi • 
Iii2rdii^ >:o03r®«©t3olyt>4ote® {i«> ®M (11/ elwwalUBi ( l I l K t IronCUi/-* 
eobalt ( i i / » t sloicdX ( i i / - * e^p^mv Cl.X>«f atid « 1 ^ ( i l^» 
hydf^f^eysiiotiuiriitfttoij (l\t>« The ooapoi^tiofj of Wsm c©aip<miid« 
vs» 4«tefnaittBd ©aploylBr t l» piiy^iieo^^iemie'X «0tl«Jd«» 7ho 
ti«'UK»d« used «et«« *to© oori^ictoa©tfiL« and af!sp«roEi©tfde t l t t ^ t i s n 
laettliods* 
The eeii<iae1»Ji«tflc t l tr«ti©n iscriaiod %P well mUtod l^r 
aoid- t»ii«©f dlepli»«sesiont sfsa pr«?olplt**1s4©fJ i?«Rel:4orMB# In th© 
l a t t e r m^m the siethod hf»8f lK5iwveF» a tev liciltfitlofi©* I t i e 
an© to tiMi laov sei»sr*>tlon ef the pp©eli*itate • %Atli the 
eoriee^'iient sttiiersatapstlon of t l» nelutiont er.^ to the removsl 
of tlti?fit©d seXttte hy sdeorptieri ©n the ppi^clpltate* le t ter 
t*efii£Lte ea»i ho^vvtrt be eht^^imd by weilcifir v%,^ cHlat© 
i^lutiofMi lii tim prejNsmtee of a re le t lv i ly Isriw m^uxtt ©f 
eleoholf the l a t t e r eaufiee a dleimtien ©f ti^ eolu^ltity ©f 
iM preoi&^itete e^m there i e Aleo leee edeorptleis* 
In reeent yetret afiJiierome"ferie t i t r s t i ena ere In vornie fbr 
aetarmiuHij? -tti© atdlehletJietry In iirc-eif/ltstlon rfiaetle^n©. In 
n ftev ieolf^ted €ai»®« they <3p(n He eraployi^ a t© ^tf^r»nire t ^ 
h«T« v%fh it vl©v to cotrfl^ns the i*ef»ult« of eufidlttetein^tyy. 
yy i^mMfc 
d'-seiil^^ earliei* <ah«jjt©r !>• f t^odc se lut len ©f ©hrotale 
tJhe fgftwitifiih %fis d©t€»rslr«id by ©xldl^it^ %hs ehrfjmic ionp t© 
ehrosiftt© m^iiii* nediu® /^©rosrid® ar^i, oiftimatlRr I t ¥ t th fr^ 'Samsera 
iROfil«m tiuerjflLphRt© jKJlation {2H K®n,R8ii0tt« e^^hete (i-.»M©relCi» 
arwl fF;*i*ie 9»^ rw5rd«Ba audtphmt® <A,''-%, B»0»lUi t«sf*© a » « fbr the 
prcpuf^tlen of ^ e l r fliolutiofie %^ieh %i©ire «?t®i^ «ir(ai.ffl©d liy ttf«i®l 
f^dcel i^ilofnfiee/fsilphfstt-f^ %i®w- ai^ii t^ af pfepsrtor the ffolatiorw 
nnd th# «it'-afr iij^re ©etltBB^ t©cJ ipr^vlai©ti*leelly im <iat»altlfJitwed-
beto^fppttthal K^i flrM nickel difs«thyl*»f<ty©id«i0 (6i» aopper 
frid-.phBte fseltation tf^ i? pt^iJ^i^ai Hy dlj»©0lv|r»p .*-«^ i» o?7*atsle sM 
th© eti^iifiih %?««? jtetcnainea lod©!?»trlo«llar (?>• •iSiii© eulphsti 
(A«ru> i#a0 upcd fbf proi^nflrip it." aolutien ana atyeat^U* 'tfa# 
detei*mlKiJd fy*ivlisetrlcai.iy C8i« 'ilr«<^t'ip ctilofiLd© n^lutiofi %3s«» 
e<5ll ©f tjn*© ^^ ^M.Q «ifia eell e©«sta«t I..4© var* us©^ ffep 
<s0f*1ttct9noe 8ie?3««r«ia®«t«« B c ^ dltn^ct (hydf^seoey^nAat «s %tm 
t&tf^fiti *5i*l wsi»F«e C *slt j«>latleii SP tho titrfint^ titrRtlotia 
vei?« ptrfferaed* t%i tho cai^ e of Iron* dir©et tltr'^tlonf! uere 
rapt («ieeei©f\H« In or<i©r to oliec^ the nai^rjitloii ©f the 
r«««tants on th© oos^lex or prel^nble hydroly?;i«t the titratlofiit 
m riqiMoti0«@lcohelio tedium (?^* ©looholi T^re fd.®© pe-rforraod 
l i i !!i».«!t ©1* t h e ©»«©«• 
Alt the !a8^ as»r©«©iitffi iser© s«sf9© at f^ O^ O*!** ©Koept In th© 
&»mf ®f mnmmtmm mui sine oos^ltxes ^ i c h %?er© ©tadled a t 
70"* n a d ^ ^ t r©f»peflftli»ely» Th© < i^Kiiictfi«ee ofetni«ea aftor «aeh 
ftdaitloti ef th® t l t r ^ r* ^mf^ oorreoted for the dilution ©fftect 
by matliilylfif? the obneriwd vslute by the factor (¥*viAi iih©i?« 
V i?^ til© i^luiae ©f the t l t r s n t sdded sM ¥ i s th© Ini t ia l volusie 
©f th© solution tfikeii in the eell* 
The ire(S3fl.t.«t ©-^  dlreet nm% r^H^Tm ecn^ctonietrle -tdtratlorm 
ere recpoftdU^ In th@ fsoilovtniPr tRblen? 
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(TO^ i^ indieftte tliat In the a&i*eet ae ^11 at; in r@if®ree titretlQiii8» 
i«e* vl^n fC^ vfts atit^d te dii^ oelQ ^d.oria« solatioii ev ¥ide*v@r@6» 
tt^ 0Oiriati0t«iii«e f*@mii|iiii al!9oet (joiiflr f^it «^to s point i^ere th@ 
two f^aeti»ttt« sye In « rstin ©^  Xil (Fii»#l & Sit inaiefttlfig ^ e 
fteraetlon m^ pr6cl|»itat4eii o# c«^^*[t4o^^ (ctM^(0li>3(H^>jt f!ie 
rescrfclon »eeei» to proceed a® ffellovei 
AtMitlon of tlie tltr®»te hey&na tlw eqtiiirsXenoe point 
i^ii»ye remHtfi In @ repair lnei«&ee in i^ndttetanoo* 
file ampefo@e l^Q tl^retlon ourvoe (Flf6« 31 & 32^ aXeo 
y l^d OBUy one l>T««aci mrfemmt^^iat! to tlw fte^aotisn of crfn© * 
(GIii4Cc»U3(Kg0ij» !toweiier» the tiili^ot as^jerosietrlo titrations 
px^iriae oiirvee of peou&lar iM^pe* fho onrrent deoroaeee ^fl«r 
an Inltliil Inoi^ i^ ee vitli ^^ aaciltlon of tl^ titrsnt* fhia 
iMlMYio^ p say ^ exiiXeinod an 1 ^ basis of eoXiibllit^ of the 
«M)Si|»X«]c flifiaed* in ih& beginnin^t the oonoentrstion of the 
eoiBpleit la l>elo%r i t s ®«1a«^tion win© snil the current inerea©©0» 
Butt «hen 1*» fiolation beeoa®® satafete^ with the e^^plext 
preeipitetlon oecutre eiid tho oarront beginis to tieereeiie* This 
2\ji 
mvsfmmm in uttff^nt eontlntieii tiritlX tiw iftoiehi^istttrle if^tie 
(isi> Im f«a«li9a mm. v&miBB QOti«t@iit &ft<@pvaMiit &im to -UM 
noii'*f%aiMibiii^ of tiia i^ i^*i»]!0Qy(iiKm0i|%aBt6 ( iv) At the 
<ih!M>i>pliie Esepei»T ®l©otaHjae* fh® v^vevm titration etirifee ei^ 
regent61* In tbrm but th@ dud « points &i^  not vsf^ r etisyp* the 
iliff|0i£lt^ ^«8 9WPee«e hy @3itra{»eXa'ilan* The iilmi Inof^aae 
in esarmr^ befbr© the encl* pelnt taiqr he djcplftlnea cin the b^ e^le 
o^ f!0l^l3.ltgr ana hydf^lysis ef th@ ooiaflex* 
f}^ f%.<$illtii en eon^et^QirtFle and ma^roiaetric titrations 
h«t««c^ n i^ niri^ @s« i^#h)ito nnd tot previm enough ©vidonee 
mimt^-inn ^i^ o©®|i©«ltlon of 1*^ e!Of^%%m t&tvm^ «t ta"*. The 
i*»tie 1«1 fbp the r^isotsnt© fbiasci ©n ^® h^«ls of ^lese 
tltrfttlonit polnt« t©^a#r^ the eosi^eltlon fMn* CK)4(0H)3 -
<H|pi]lfer the otrnpl-ex* F\>r thl« i*«tlo« Hie follo^flng wf^ctieri 
fii^ be vlfii»aiee6 to tatie ptsm * 
A e^^ney of th@ £»£iK»arl8ea re^iUte (tables i3 4 61 i t?oiad 
s^ ene&l th&t the e^siblning i^tlo (lil.> e^va a flight aiscf«^>«ine^  
tfpem fim above ®t6l(^ l« s^i@trlQ OQUiitlon* for a3.!ooet all the 
€I^ Pfter@nt eoneontretlone of th® f^aetants eoployea fbr the 
tltrfttion»t "^ 16 eisej'iint of TCW i*equlr©«i I© leri5Br thnn tl» 
'^ U 0 
[Mo(a^i4(fiH;90ig0i]®"' ions on tiio ^r@oip4t8to ©t fWn[Ho(cw^^  • 
£» the e^iplox fOn^tioti liotvsoii ^ r r i e idLtta eml fCH» 
ofiSLy i*0wrf)e tltr^tloiia ^vQ'^m frtiltf^ t^^iHtut Xn tho 
^n«gii«toisotr&e tltratiofi«» n^ ion flirf*lo €kw% ie acMod "lo Tct4 
aeliitioii in t ^ ooilf the odmSiiototioo lnoroni^s tspto eno .'^le 
©if til© 83.W5 iJ«T ©^1© o^ TCM i^i<^ ii^dioiitos tho f^re^tlon of 
ffe^ ^^ [ii©^^ (GR 14(01! i3<Hj^ ij • further scMition ©^  the tila^nt 
rej<«iCiti? In @» abim^t ineroaao or oonaactiviV (^ l,ff?«1.0 4 l l i# 
1t^ brojiks in «isp#resetric ti^mti^ii curve** 1^ 11 ©saotly 
at tl^ i^sitlane oorreegoiMliiig to tli© fOrsiettioii of l^[iio(Cl 4^ • 
(oli^ ^ClgP^Jftnd tttufl sni^otftfitifito tlM roe^ato of oofimeti^aetry* 
For ao«t of tlie oonoontrotioiifi oiatployod for titrotione* 
tlis ttnotiiit of irofi i@ largor tlion tkM ttiooretl,o(^ i»alttee 
reoiiiroti fter i i i rotio (fatiloo S& 4 08^« fhis beliavlour may 
be et^ibntea to tiie aaooxt»t&¥» property of tli@ l¥opiay 
proei|>ilt«to4 ooaplofrt ois ladi^ted by tho rei^iHto of oontMoto*' 
no^^io titrations i>orforeoil In OQUOotto* oXooholio faodlini* 
Xn ^rt^ofioo of Wit aloehol tlio ratio io Ibur^ to epi»roach tho 
«tei^li»»itrie one* 
/-« u-^ 6 
imn%%. iUi,ri U^fH iUJTi Mnm iWrt fi&aJtei Ut i * 
l>lf^«t Qondtietoff^trie ti1^^ti@ii8 li^timeii eo^slt oMofio© 
nnti f(M oxibit ©fAy one tsoabining ?»stlOf vi«* XH tor the 
reflctantf! (Fi|?!^ #lf! 4 X3>« til© pewrne titi*etioti@» OR th© 
other hsfidi give t«e breafce at the mtioe 3i8 sua HI <Go^ *tTa-Ut 
T©e^etiiPBly» tli© tirf^ hremk being prominent l^r al i ooneen* 
trattoria o-f 1*04 uaeu (Fi0®»M ^ 16i« the lott©r rotio let 
ho«eiart re«lin©<i only fbr dilate eoXutloRis (Flg«X& «^ th© 
profsene© ©^  ?aeoh©X a©©© not wry sau^ sfiffeet th© moXar rf»tio 
<?Xtliettffi th© tltr© ¥©li]©© to ?5CP ©XoohoX glv© a laor© ©)ai©ft 
rwtio (tstiXe 30>» 
TC^* iiiitli all oon©©fitriitioiiii of nl©le9X ehtoria© (ti» tl^ 
ceXX^  gii»©Boia.y one bre**ic at th© !i^ti© ©f XtX in ©©nc^ tetaesetri© 
titr«tXoii« (FigB»X6 & X7i# nemrm tlti^tion©* hontt^rt proirici© 
ti«o bro^Sf tl^ Hirst lioiiif obt««in©6 Iter aXX ©onoentr^tlofi© 
of Tc^  em^Xoyoa (F|^« X^  4 Xd^ * for tl^ fXrut tirei^* & 
rfttliO of Si|? (Iii^*» tCK^  Xe ebtaXnta i^ &r©a© ^ r tiK5 i^eotui 
hrosk ttt© eo!s(hiiiiiig retio i© HX* li©r© toot tl^ InfXuenoe of 
nXoehoX X© not ^^©a» thotigh b©tt«r re©iat® ©r© obt^ 'ifMid 
«li©a titration© @re o«rrl©4 out in th© ©^osoua-idoohc^X© 
trnMB (f^X© <?X>« 
'-v \j 7 
Xn i>oth tlie ^ireet sm^ reverse ooficiaetoeietrio titaretioni^ 
betureeii <!c»pper/i(tiB« eudphtte ana fm§ ft eoii^iiiifig ratio of 
i t i i» f^mi^ f^v all the oi i^rent eoneontratioiii! of the 
reeetente enploired (Pi.g0*^ •> @8^ « 
fhe arayewjmetrie titretionp eonfins the reguOlta of 
eoneiiie^^oetry* !!ere» ofmjr one eosblnijig ratio* viStlUt ie 
reiilleed for e l l i*© ciiffer©iit sietal ionu um^ The earvse 
fter the liireot ti'fe^etiofte tietneeB tli# raet^l ©Site ana fC^ rire 
tgrpic^ i« iwstare (Fi^»«^f 42i 46 & 4S>« the reverse 
titretioA e«ri»« with eopi?er «fuCLphete are nXm t^pieeUCPtt^Mi 
bat not i^ith eob^t ohlorioet ni#eel <M.0ri<3e SBCI sine machete 
eoltxtiofie* in the;^ i^eeet the ourr^ntf In the initial sta^^t 
ineteft<l of remaining eonetsntt inare&eee eontiniiou{>a.y villi the 
addition of the gietel eelt eoliitione (Fige»4a* 43 4 43i« 
fim reaetione between o^taneiURi aQUO h^^ tiroaeoaoljbcso* 
e^^ni^ ^n^ oobelt/niQlsel ehloriOe m»^ be repre^entea by the 
fbllowing etoii^ioraetrie eciuetione* 
Ha^*i<3[Ho(cifti^j(aiigCH^i]ii w>i[Ho(c^^^(OH/3(ii^i]^ met (i> 
end betveen eopper/sine siil|ihete hyi 
nw^^ ^3[^ ®^^* >4!iOK)^iE^)]m KM [Mo(CN>4(0H)3(H20)]"h KgSO^  (3^ 
lio«6¥f^ ri n3.»o«t f^l tim tittmtimm @li&v ^lat the aeoimt 
of TC^ i f^o^4 Im el lastly nhtsvQ 1 ^ etoli^iontetrie saoim^ 
Thle ai©er©ii©iioy i® •»«*• mailce^ s in mmm ^ere fSM ie In the 
^IXm fhie «R»ff^ «ite that thie eoilliS wty isell ^ ane to the 
QcieerptioR ef ««i[we(Gfti4(0Hig(H^>J®* lone eu %hs l^arttty 
pf«clpit®teii eotuplex* '^:'uy py©ll^.|n^fy expertoente pt^vttie an 
in^reet proof of t!«i a i^werptiim efip^eity of the G0mgiX9%%&m 
There* i t %m» f^uii4 that the pftteipitrtee of aetsl hy^reico* 
£(^ ly^ cloc!yani< f^( esn he t?aiii^««ea Into etehle sole hy ualng 
oxeof^ a of petufiaiusi eQ'iaoohydFoxesieX i^eQyaiiide ^m. thie le 
etifileooup to fim beh^ivloutsof llR*fO«» sua fHirri^ttiii^e* 
i^lio%fliig nay he the ©Qi»iti©ne fw Hm fbnsftt&on of a^f^Yptiofi 
Kg^ K^CatU^COIUgtHj^ ij* 8KC1 (4> 
MflO^ -i xKg[Mo(C«^4(aBi3(H^i]»ICM[Me(Cll^^(€fl^g(H^l]. ( x . i > -
amperoaetrle titrfttion etti»i»© wiHi ^w netii. »«^t 
a^tttiofi^ %n t.h@ a^l @f*e tff t^lo^l netttrtt %ttt tha n$mrm 
tlti*mtion« ^'w Qumes of e<^ rae%^ fit cUffetvnt eba9« t^an t^ee 
-i^icli ^otild he ehtain@4 on theoi^tleal ei^aiaiiStratlofie fhr 
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obtained to nciaitidii to that a t S«e {ft^mu mm th© 
eatidttotrsne© upto tli« firiit hvem (eotrtapondiiig t© *Uid 
fbinnotidri of K?^tPO [MO< cf^  i^ C OH )^i B^ >] ifi ao«ot*^aii«e vitti 
eqii*l> if! rXmoet eofii^iitf titit nf%&r th ie 3 rspici mm*&fkm 
ee««r^ oittiX th© @olfts* r^^tio ffer «i© ftoiwRtioft of Cssi?0)3|wo(GKi^ » 
iOU^^in^)]^ ie i^nelwdU Fortlier it-i*-«iti©fi of '?rOGl^  eolation 
roi!nilt« in ^ i^^siA ixier&^m In eenas^lstiot* 
Aiip©WHBeti»ie tit3Witioi»«i ©arrlea eat a t sn ii|»pli©d 
potQRtial of a»0 V» i^p©iri<3« - i^>ioaX eisrwis (Fijf»«ai & 6ti« Xft 
tli© diif©«st titrati0Ri^# i t i«mB notea that on Rcicitioii of 
itym*owxm%3fb6oi!^&n%M t© ©ip©on0. c ^ o r i ^ iioltttioii in th© eelXt 
th© ohmvm^ ooxrent nimont wmmijnB fitoi^al^nt until tli^ 
©ottii^ Xen©© ^ i n t ffer the fowatier. of Cxf0^3[«o(CI/^(tilUQ * 
(HgOil^ ie t^ a«^4©-^  further am^sition of the titr?>nt r e i ^ t a 
in it mi^ton incrt^^se of the (sarr©nt» % ^ i ^ msisinii oonstent 
upto th© ©tei©lii©t!i©trie ra t io Xtl* ?h©n th© ©mront mm to th© 
h^&Nimm>t^&&&^mil^ ion« ineifeaii©© liii©«ivly v i ^ the ©dtiit&on 
of tlK) la t ter* ?^©¥Brii© titarstioms <l© not provie^ fnay tic^flnite 
brcjokii a© th© ©isrf^nt fall® f«|)idl^ on fAm oodiition of ©iren a 
wmsUl ©mount of tir&^n^ oh lo r i ^ to t l ^ l^droie@i!iOl|%(^e;^n&^ 
iio3.ittion» 
Shi!eaiiiiiLim*'A..X.i!QiilXl.l J^-i^aeMl t( XX i*.i..,iijfe©llll.iy ,,gOi>.|^ t(, | | ^ « 
Th® f-jjttporoastric titrstioii© ©orritci out beti*§on ^ffferent 
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vQll #»fiiied t>f«ftiC0 in d»pwii At the «nil«#etiit8« In nil tlie 
efif«ii 11 !Si©l?*y initio of 1«1 haw %©eii f^und iMitif&ett -tli© reaottiite 
iihi<^ pofeit* t©w%pa« *Uie fbifsntl©!! of tl^ Ineeltil^lt eom^^aiafl 
K^^ Ji*[wCCI^>^(0lt)J(iii %ilii<m « « crt ffef C©t Kit ca oi» ^ anil 
X • 3 ot» f!f i««» the oxiaation roaa^r of the metal ion H)* 
the direot m^inmetrio titratione of olif^siio eliloride 
nfmin &ro^im eiapmm of eimHaT ^mpe a@ iri ttm mm of 
t)y«^ e>oifiOfiOl|rt»ao<^ «uniae* H«i?et ^t» m®f Hieiji ^ ettribtttoa to 
tl^ eolvtiUitar of "^ ^ QomgHen tavrm^ in the be fining. Prueipi* 
tntiori oe<3tif*9 nftmr saitui^tian mn^ oiume ©xhibite «i t^pieal 
hehevie«3P (i^g»fi3J» The reverse titmtioti oiirvee are alue 
tgrFie*^ ! «aft€i have isii inwrae L - i^p^ iWigmMh 
The et«M»© of ciiroet ntm ^ewree titrations hot^een the 
otl^r m&^l seltn «iia hyeroxottintetooytnlise ^re typieal 
(mr»^^-6Si eiKiept in iim oftue of rewrae titwitionji of ain© 
etHphnte (Fif*64i» Herot en eppreei»hle inoreeee in onrrent 
i s ohti^inea on adding ^le titrant* fl«i inereaee in ottrrent 
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Potentiometric estimation of tripotassium aquo-trih/droxotetra-
c/anomolybdate(IV) and determination of standard potential 
No mention is made in the existing chemical literature of the redox processes 
involved in an aqueous solution of tripotassium aquo-trihydroxotetracyanomolyb-
date(IV), or of its quantitative estimation. The redox potential for the reaction, 
rMo(CN)8]3-+e = rMo(CN)8]''-, has been given as +0.82 V. When four CN" groups 
are replaced by four OH" groups, £MO(V)/MO(IV)=+0.10 V and the potential of 
hydroxotetracyanomolybdate at pH 13.5 is, -£MO(V)/MO(IV) = —0.76 V^. 
During the hydrolytic transformation of hydroxocyanomolybdates— 
Mo 
(OH), 
(CN)4J 
( 0 H ) 3 
Mo (OH2) 
(CN)4 
Mo 
(0H)2 
(0H2)2 
(CN)4 
there is a significant change in the basicity of the solution as well as in the redox 
potential characteristic of this system. 
This communication deals with the estimation of tiipotassium aquo-tri-
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hydroxotetracyanomolybdate(IV) using K3[Fe(CN)6] and KMn04 as oxidants, and 
the determination of E° of the redox couple in aqueous alkaline medium. 
Exferimenlal 
Preparation and piirity of complex salts 
Tripotassium aqiw-trihydroxotetracyanomolybdate(IV) dihydrate^-^. The crys-
talline red-violet complex, K4[Mo(CN)4(OH)4], was prepared by the modified method 
of JAKOB AND TURKIEWICZ". It was then hydrolyzed with water to give the soluble 
blue compound, K3[Mo(CN)4(OH)3(H20)]5, which was isolated in the solid state by 
fractional precipitation with ethanol. It was kept over CaCl-a in a vacuum desiccator. 
Potassium hexcyyanoferrate(III). The A.R.-grade product was recrystallised 
from water and air-dried. The iron content of the complex was determined iodometric-
ally as Fe;iII)«. 
All other reagents used were either of A.R.-grade (B.D.H) or Merck reagent-
grade. The complex salt solutions were stored in coloured bottles wrapped in black 
paper. 
Apparctiis. A Pye Precision Vernier Potentiometer (Cat. No. 7568) in con-
junction with a ballistic galvanometer and lamp and scale arrangement was used for 
potential measurements. A bright platinum electrode was used as an indicator and 
a saturated calomel electrode as the reference electrode. Pure nitrogen was used to 
maintain an inert atmosphere. 
All measurements were made in a darkened room. The temperature was 
maintained constant within +0.1° in a Townson and Mercer thermostat. 
Results and discussion 
Estimation witii alkaline KsfFefCNJa]. Tripotassium aquo-trihydroxotetra-
cyanomolybdate(IV) was determined potentiometrically by titration in alkaline 
solution with potassium hexacyanoferrate(III). The galvanic circuit was as follows: 
Pt K3|Mo(CN)4(OH)3(HaO)] KCl KOH Hg2Cl2 
I M (satd.) 
Hg+ 
The titrations were carried out in i M KOH at 30° with o.i M K3[Fe(CN)6]. 
A typical curve is shown in Fig. la. 
The intensity of blue colour of the solution decreases as the titration proceeds. 
At the equivalence point, the solution turns colourless and excess of titrant then 
gives a permanent yellow colour. A break of 0.52 V/o.i ml was observed at the equiv-
alence point. 
The redox reaction may be represented as: 
[Mo(CN)4(OH)3(ir30)]3---F2[Fe(CN)6]-'-?=^[Mo(CN)4(OH)3{H20)]--f2[Fe(CN)6]''- (i) 
for which tlie equilibrium constant has been calculated using £'''[Pe(CN)8]^"/ 
[Fe(CN)6]4-= -^0.36 y and /i0[Mo(CN)4(OH)3(H2O)]-'fMo(CN)4(OH)3(H2O)13- = 
-0.6827 V (as described below). The value of K =5.71-10^° indicates that at 
equilibrium, ahiiost all the LMO(CN)4(OH)3(FI20)]3- is oxidized to [Mo(CN)4(OH)3-
(HoOjj" by fcrricyanide ions. 
Tlie method is accurate to +0.01%. 
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5.0 0.0 0.5 10 1.5 20 
— - O . l M K3 [MoCCNJ^COHJjCHjOJCml) 
Fig. la . 
Fig. l b . 
medium 
1.0 2.0 3.0 4.0 
• i -0.1 M K3 [Fe<.CN)6]tml) 
Poteiitiometric titration of K3[Mo(CN)4(OH)3(H20)] with K3[Fe{CN)6]. 
Potentiometric titration with K3[Mo{CN)4(OH)3(H20)] of: (i), K3Fe(CN)6 in alkaline 
; (ii), KMn04 in acid medium. 
The estimation was also carried out with K3Fe(CN)6 in the cell and titrating 
with hydroxocyanomolybdate. The yellow colour of potassium hexacyanoferrate(III) 
disappears and excess of hydroxocyanide gives a blue colour to the solution. Results 
of potentiometric titrations at 30° in xM KOH are given in Fig. lb (curve i). A 
potential jump of 0.37 V/o.i ml was observed at the equivalence point. 
Estimation with acid KMnO^. Only reverse titrations (KMn04 in the cell) are 
possible. The KMn04 solution in 4 iV H2SO4 was titrated with o. i M hydroxocyanide 
and was gradually decolourized on reduction. Any hydroxocyanide added after the 
equivalence point is decomposed by the acidity of the reaction mixture. A potential 
break of 0.705 V/o.i ml was observed. The results are shown in Fig. i b (curve ii). 
Determination of £". £" ^a,s determined by the potential mediator method. 
10 ml of hydroxocyanide (0.014 M) was titrated with o.i M K3[Fe(CN)6]. After each 
addition, sufficient time was allowed for the system to come to equilibrium; the 
potential was then measured at the bright platinum electrode. Titrations were 
continued until a sudden change in potential was.observed. Experiments were carried 
out with varying concentrations of KOH (0.1-5.0 M). 
The value of f was determined using the relation: 
E=Ef>-[RTInF] In [tltc-t] 
where E is the electrode potential, t the amount of oxidant added at any point 
during the titration, tc the amount of oxidant added at the equivalence point and 
R, T, F and n have their usual significance. The mean values of £", determined 
graphically by plotting log p/4 —i] vs. electrode potential (Fig. 2), in the presence of 
varying KOH concentrations are recorded in Table i. 
It can be seen from Fig. 2 that the slope of the various straight lines is —0.03, 
so that n, the number of electrons taking part in the equilibrium process, is equal to 2. 
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- 0 . 8 -0 .4 0.0 0.4 
— [ox I] 
• ^ ' ° 9 [red] 
Fig. 2. Plot of electrode potential vs. log [ox]/[red] at varying KOH concn. 
TABLE 1 
VALUES OF £0 IN THE PRESENCE OF VARYING CONCENTRATIONS OF K O H 
KOH concn. 
(M) 
E" (from plot) 
(V) 
KOH concn. 
(M) 
£0 (from plot) 
(V) 
O.IO 
0,25 
0.50 
I .O 
- 0 . 6 8 3 
- 0 . 6 9 8 
- 0 . 6 9 3 
— o.6g6 
2 . 0 
3 - 0 
4 . 0 
5 0 
— 0.702 
- 0 . 7 0 3 
— 0.708 
— 0.710 
The oxidation-reduction reaction may be represented as: 
[Mo(IV)(CN)4(OH)3(H20)]3- ==^  [Mo(V)(CN)4(OH)3(H20)]2--f-e ,=i 
[Mo(VI)(CN)4(OH)3(H20)]--l-e (2) 
The effect of KOH concentration on the £'''-value of the system may be 
interpreted in a similar manner to that proposed by KOLTHOFF* for the effect of 
HCl concentration on the ferro-ferricyanide system. On the basis of these consider-
ations the equation 
£(ox/red) = £" - [RTlnF] In [ox]/[red] [KOH]« {3) 
holds instead of the usual eqXiation: 
E=E°-[RTlnF] In [ox]/[red]. 
The plot of E vs. log [KOH| at a fixed value of [ox]/[red] is a straight line the 
slope of which gives a value of « =0.5. Thus, the equation representing the effect of 
KOH on the redox couple is: 
£(ox/red) = £ " - [RTlnF] In [ox]/[red] [K0H]»-5 (4) 
/ . Electroanal. Chem., i8 (1968) 187-191 
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Effect of ionic strength and calculation of thermodynamic quantities. The ionic 
strength was adjusted with KNO3 solution. Experiments carried out at different 
ionic strengths show that the oxidation potential increases with inciease in ionic 
strength. 
TABLE 2 
VALUES OF £ " AT DIFFERENT TEMPERATURES (/t = O.I750) 
Temp. 
CK) 
303 
308 
313 
318 
£ 1 
(V) 
^0.683 
"O.693 
— 0.702 
- 0 . 7 0 5 
Temp. 
("K) 
323 
328 
333 
— 
E" 
(V) 
-0 -713 
— 0.721 
- 0 . 7 3 0 
—• 
£0 was measured at different temperatures (Table 2) in the range 303-333° K 
at intervals of 5°. These values were used to calculate AF", AH" and AS^ " for the 
system at various temperatures; the values at 303°K are 31.49^, 52.440 and.o.o69 
kcals, respectively. \0-5lO 
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Studies on the Hydroxo Cyanogen CoxatpowatAn 
I. A Spcctroidket<Maaetric Study ot ibM Cmmfim* 
Formation of Vanadium (IV) with Potassium 
Aquo Hydroxocyanomolybdate (IV) 
Eabir-ud-Din and M. Aijaz Beg.* 
The composition and stability of vanadium (lV)-tri-potas8Jtm aqto trihydjoxy-
tetracyanomolybdate (IV) complex has been studied by spectro]^ot(niietric measurements. 
The violet coloured complex (A max 550 my. at ^H 6.0) have a 1:1 (metal: ligand) composi-
tion. The optimum pB. range is from 5.25 to 7.5. The apparent stability constant and free 
energy of formation of the complex at 25° were evaluated as (7.2±0.1) 10* and (-6.66± 
0.01) Kcals., respectively. 
A few insoluble metal complexes of hydroxocyanomolybdates',' have been studied 
by the method of chemical analysis, but no systematic work has been done. The present 
communication deals with our studies on some aspects of vanadium (IV)—tri-potassium 
aquo trihydroxotetracyanomolybdate (IV) interaction. 
E X P E R I M E N T A L 
Preparation of tripotaasi'wm aquo irihydroxotetraeya/iiomolybd(Ue{IV) tUhydrate: TripO-
tassium aquo trihydroxytetracyanomolybdate (IV) dihydrate was pr&paied as follows: 
First of all the insoluble red complex K^ [Mo(OH)4 (CN)^ ] was prepared by the method of 
Jakob and Jakob''. It was then hydrolysed in double distiUed water to give the soluble 
blue complex KjDVIo'^  (OH), (CN)4, HaO]', which was then isolated from the solution by 
fractional precipitation with ethanol. The product was dried over GaCIa ill vacuum desi-
ccator and analysed. Anal. Calcd. for K3[Mo(OH)s(CN)4, HjO], 2H,0: Mo, 22.69; K, 27.77; 
C, 11.37; N, 13.26; H, 2.147 ; O, 22.72. Found: Mo, 24.1; K, 28.1 ; C, 11.89; N, 13.03; 
H, 2.06; 0 (by difference), 20.72%, 
Its solution was made in double distilled water and strength was detetxodned oxidi-
metrically by titrating against Kg[Fe (CN)6]*. The solution was stored in an amber coloured 
bottle wrapped with black paper. 
* Present address: Department of Chemistry, Indiana Univeisity, Bloomifigton, Indili&a, U. S. A. 
1. W. F.Jakob and C. Michalewicz, RocznikiChem., 1932, 12, 576. 
2. Z.Ja.kobandW.Jakob,ZeszytyMauk. Uniw.JagieL, SerNauk,Mat.Przyrod., Mat.,Fiz.,Chan.M.2, 
1956 49. 
3. W. R. Bucknall and W. Wardlaw, J. Chem. Soc., 1927, 2981. 
4. Kabir-ud-Din, A. A. Khan and M. A. BCg, J . EUctnanal. Chem., 1968,18, (ifi press). 
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Vanadyl sulphate (a monohydrate of B.D.H.) was dissolved in air free double dis-
tilled \yateT and its concentration "was determined gravimetrically*, IPresh solution -was 
always prepared just before Use. 
Absorbanee measurements were carried out with Baugch and Lomb spectronic 20 
colorimeter. The pB. measurements of the solutions were recorded with Bectman pK-
meter model H2 with glass and calomel electrodes. 
The ^ H of the solutions was adjusted by the addition of ammonia-ammonium chlo-
ride buffer. 
All measurments were carried out at 26°. 
R E S U L T S AND D I S C U S S I O N 
TTie stability of the color: The intensity of the color developed increases with time and 
attains a maximum in about 16 minutes. Hence all the measurements were made half 
an hour after mixing the solutions. 
Fig, 1: Absorption spectra of vanadium (IV)-hydroxo 
cyanomolybdate. 
Concentration of reactantst^M/lOO, pH 6.0 
Ifl Jo •« 
Fig. 2; Job Curves, at 550 taV-, 
pH 6.0 Concentration of reactants: 
O-M/150; O-M/300; O-M/400. 
VOSO^ 
A— O: 1 
B— 3: 0 
C— 1: 3 
D— ].- 2 
: 
E— 1: 
F— 2: 
G— 3: 
Hydroxocyanomolybdate 
1 
I 
1 
5. N. H. Purman, "Standard Methods of Chemical Analysis", Vol., I, ed. 6 (D Van Nostrand 
Co., Princeton), p-I2l0. 1962. 
6. W. C. Vosburgh and G. R. Cooper, J. Amer. Chm. Sac., 194), 63, 437. 
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A o o ^ 
- t l " 
u 
* 
" I J 5 < 5 e 
natclefV0S04. |M>3mi)(ts o) C|,»«;iLt. 
Fig. 3: Mole ratio curves at 550 m{Jl, pH 6.0 
Concentration of reactants: O-M/150; 
O-M/200; O-M/300. 
1 Z 5 * ' 
Mfrdsof ta&Tiiit |>ti3 ntoCis (IJV0S04 
Fig. 4. Mole ratio curves at 550 mjl, pH 6-0 
Concentration of reactants: O-M/150; 
O-M/200; OM/300. 
TTie Nature of the Complex Formed: Vosburgh and Cooper's^ method was employed 
to determine the nature of the complex formed. Beactants were mixed in different stoi-
chiometric rations and absorbance of each mixture was measured at suitable wave lengths 
within the range of 365 to 650 m^i. The results, represented graphically in fig. 1, show that 
the maximum absorbance of the hydroxo cyanide is at 615 mn^ (curve A), whereas for 
curves C, D, E, F, and G, the region of maximum absorbance shifts to 550 m{i at jpH 6.0, 
This indicates that only one complex, with Amax at 550 m[i, is formed under the specified 
conditions. 
Complex Formation: The composition of the complex was established by two methods, 
viz., the Job's continuous variation method' (fig. 2) and mole ratio method* (figs. 3 & 4). 
As shown in figs. 2, 3 and 4, the results indicate that Vanadium (IV) forms a 1-to-l 
complex with the reagent. Hence the formula of the complex may be designated as K VO" 
[Mo^ v (0H)3 (CN), (H.0)]. 
Effect of pH: Several mixtures containing vanadyl sulphate and the reagent in the 
ratio of 1 :1 were prepared, their ^H's were adjusted to different values, and then their 
absorbance were measured at different wave lengths. The results show that Amax of the 
complex (550m[i) holds good between jpH 6.25 to 7.5; this is, therefore, the ^ H range over 
which the complex is stable. 
The apparent stability constant was calculated by the method of Dey and Mukherjee'" 
using Job's curves with optical density as the ordinate and the composition of the mixture 
as abscissa. It comes out to be (7.2±0.I)xl0*. 
7. A. W. Adamson and J. R. Peromarcddi, Itmg, Chm., 1965,4,247, 
8. P. Job, Ann. Chim., 1928, 9, 113. 
9. J. H. Yoe, and A. L. Jones, Ind. Eng. Chm. Anal. Ed. 1944,16, 111. 
10. A. K. Mukherjee and A. K. Dey, J. Jnorg. & Nucl. Chm. 1958, 6, 314, Anal. Chim. 
1958,18, 324. 
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The free energy of formation of the complex was determined with the help of the 
expression : 
AF°=—BT In K, 
where ^F" is the standard free energy change, E, the gas constant and T, the absolute 
temperature. The free energy of formation of the complex works out to be (-6.€€±0.01) 
Kcals. at,25°. 
The authors desire to acknowledge giants fiom C.S.I.R. (to. K. U.) and to Prof. 
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Studies on h/droxocyanogen compounds. I I . Composition of Co(ll)-, 
Ni( l l ) - , Cu(ll)- and Zn(ll)-hydroxocxanomolybdates(IV) by 
amperometry and conductometry 
This report deals with the amperometric and conductometric studies on the 
composition of the insoluble cobalt, nickel, copper, and zinc complexes of tripotassium 
aquotrihydroxotetracyanomolybdate (I V). 
Experimental 
Tripotassium aquotrihydroxotetracyanomolybdate(IV) dihydrate, K3[Mo-
(CN)4(OH)3(H20)]i, was prepared as described earlier^ and its solution strength deter-
mined potentiometrically against K3Fe(CN)6^. 
Solutions of cobalt chloride, nickel chloride, copper sulphate and zinc sulphate 
were obtained by dissolving A.R. crystals in doubly-distilled water; the concentration 
was determined by standard analytical methods^. 
Amperometric titrations were carried out using the Fischer Elecdropode. The 
electrodes used were the DME and SCE; KCl (o.i M) and gelatin (0.01%) were used 
as base electrolyte and maximum suppressor, respectively. The solutions were deoxy-
genated by passing purified nitrogen gas. The potentials applied during the titrations 
were as follows; Co(II), -1.35 V; Ni(II), -1 .2 V; Cu(II), -0 .5 V; Zn(II), -1 .2 V. 
A Cambridge conductivity bridge (No. L-350140) with a dip cell (No. PR 9510, 
cell constant = 1.46) was used for conductance measurements. 
All measurements were made at 30 + 0.1° except for Zn(II) for which measure-
ments were carried out at 60 -f- 0.1°. 
0.0 0.4 a s 1.2 1.6 
K3 [ M O (CN)4 (OHJjlHsOJJvol.lml) 0.4 0.8 12 Salt soln.,vol, (ml) 
Fig. lA. Direct amperometric titrations. 20 ml 0.004 ^I (i). C0CI2; (ii), NiClu; (iii), CUSO4; (iv), 
ZnS04 vs. O.I M K3 [Mo(CN)4 (OHja (H2O)]. B. Reverse amperometric titrations. 20 ml 0.004 M 
K3[Mo(CN)4(OH)3(H20)] vs. 0.1 M (i). C0CI2; (ii), NiCla; (iii), CUSO4; (iv), ZnS04. 
/ . Electroanal. Chem., 19 (1968) 175-177 
176 SHORT COMMUNICATION 
0.0 0.4 0.8 1.2 1.6 
Salt soln. ,vol . (ml) 
[ l x ( i ) , C i i i ) a n d ( i v ) ; 0.4 x Ui) ] 
0.0 0 4 0.8 1.2 
K3[Mo(CN)4(OH)^(H20)Jvol.(ml) 
[0.5 X ( i ) ; 5 x ( i i ) i I x d ' i D a n d l i v ) ] 
F i g . 2A. D i r e c t c o n d u c t o m e t r i c t i t r a t i o n s , (i), 20 ml 0.005 M C0CI2 vs. 0.5 M K3[Mo(CN)4{OH)3-
(H2O)]; (ii), 15 ml 0.005 M NiCl2 vs. 0 .025 M K3[Mo(CN)4(OH)3(H20)] ; (iii), 15 ml 0.005 M CUSO4 
vs. O.I M K3[Mo(CN)4(OH)3(H20)] ; (iv), 10 ml 0.005 M ZnS04WS. o . i M K3[Mo(CN)4(OH)3(H20)] . 
B . R e v e r s e c o n d u c t o m e t r i c t i t r a t i o n s , (i), 2} ml o . o i M K3[Mo(CN)4(OH)3(H20)] vs. 0.5 M CoCh; 
(ii), 20 m l O.OI M K3[Mo(CN)4(OH)3(H20)] vs. i . o M NiCU; (iii), 1 5 m l o .o i M K3[Mo(CN)4(OH)3-
(H2O)] vs. 0.25 M CUSO4 (in 2 0 % e t h a n o l ) ; (iv), 15 ml 0.0033 M K3[Mo(CN)4(OH)3(H20)] vs. 0.1 M 
Z n S 0 4 . 
Result and discussion 
Typical curves are shown in Figs. lA, i B , 2A and 2B. 
The reactions between potassium aquohydroxomolybdocyanide and cobalt/ 
nickel chloride may be represented by the following stoichiometric equations: 
MCI2 + K3[Mo(CH)4(OH)3(H20)] = KMrMo(CN)4(OH)3(H20)] + 2 KCl (i) 
3 MCI2 + 2 K3|Mo(CN)4(OH)3(H20)] = M3[Mo(CN)4(OH)3(H20)]2 + 6 KCl (2) 
MCI2 + X K3fMo(CN)4(OH)3(H20)] = 
KMfMo(CN)4(OH)3(H20)] • (*-i)K3[Mo(CN)4(OH)3(H20)] + 2 KCl (3) 
(adsorption complex) 
and between copper/zinc sulphate by: 
MSO4 + K3[Mo(CN)4(OH)3(H20)] = KM[Mo(CN)4(OH)3(H20)] + K2SO4 (4) 
MSO4 + X K3tMo(CN)4(OH)3(H20)] => 
KMrMo(CN)4(OH)3(H20)] • (%-i)K3[Mo(CN)4(OH)3(H20)] + K2SO4 
(adsorption complex) (5) 
Both the amperometric and conductometric methods (Figs. lA, i B , 2A, and 
2B) give a combining ratio of i ; i for the reactants, indicating the formation of 
KM"[Moiv(CN)4(OH)3(H20)] (M = metal ion) in accordance with eqns. (i) and (4). 
In the case of Ni/Co, the results of reverse conductometric ti trations (Fig. 2B, curves 
(i) and (ii) give one more ratio of 3:2 (metal: hydroxomolybdocyanide). For this ratio, 
the complex formed would have the composition M3"[Moiv(CN)4(OH)3(H20)]2. 
J. Electroanal. Chem., 19 {1968) 175-177 
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However, nearly all the titrations give a little more hydroxomolybdocyanide 
than required by the stoichiometric eqns. This may be due to adsorption of tlie 
[Mo(CN)4(OH)3(H20)]3- ion on the freshly precipitated complex. 
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Studies on Hydroxo Cyanogen Compounds : 
IV. Amperometric and Conductometnc Studies on the Composition 
of Cr ( I I I ) , Mn ( H ) and Fe ( I I I ) Hydroxo Cyanomolybdates 
Kabir-ad-Din, A. Aziz Khan and M, Aijaz Beg 
The composition of freshly precipitated chromium, manganese and iron hydroxocyanomol>b-
~dates was determined using amperometric and conductometric techniques. The composition of 
chromium and iron compounds has been found to be M" IMo '^*'(CN)^  (OH), (H,,)] whereas the 
composition of manganese hydtoxocyanomolvbdate may be given asKMn it[Moi''^  (CNJj (OH), 
(H.O)]. 
The chemical literature abounds in references on the properties and composition 
of alkali cyano-ferrates (II & III) and -molybdates (IV & V),i'» but the problem of 
metal complexes. of alkali hydroxocyanomolybdates have attracted little attention 
by the workers in this field. Only a few workers carried out studies on the metal 
complexes by the method of chemical analysis"*. As the physicochemical methods 
have got certain advantages over the method of chemical analysis, it was thought 
worthwhile to employ these techniques for the elucidation of metal complexes of 
hydroxocyanomolybdates. 
The present communication deals with our studies on the composition of 
insoluble Cr (III), Mn (II) and Fe(III) complexes of tripotassium aquo trihydroxo-
tetracyano-molybdate (IV) employing amperometric and conductometric methods. 
E X P E R I IVl E N T A L 
Tripotassium aquo trihydroxotetracyanomolybdate ( I V ) dihydrate, Kg [ Mo 
(CN)^ (0H)8 (H,0)] . 2Hs,Oi'», was prepared by the water hydrolysis of K^ [ Mo 
(CN)^ (OH)*] obtained by the method of Jakob, et al.* 
All chemicals, molybdenum (VI) oxide, hydrochloric acid, hydrazine sulphate, 
ammonia, potassium hydroxide, potassium cyanide, used were of A. R. grade. The 
1. W. R. Bucknall and W. Wardlaw, / . Chem. Soc, 1927, 2981. 
2. W. U. Malik, et. al.; J. Ind. Chem. Soc, 1961, 38, 293 i ibid., 1962, 39, 356, 844 i Bull. 
Chem., Soc, Japan, 1961,34,1306 i Talanta, 1961. 8,737 ; / . Inorg. Nucl. Chem .,1961,20,155. 
3. W. F, Jakob and C. Michalewicz, Chem- Abst., 1933, 27, 5668. 
4. Z. Jakob and W. Jakob, Chem. Abst., 1958, 52,17981. 
5. A. W. Adamson and J. R. Perumareddi> Inorg. Chem., 1965, 4, 247, 
842 KABIR-UDDIN, A. AZIZ KHAN AND M. AUAZ BEG 
product of hydrolysis was obtained in the solid state by fractional precipitation with 
ethanol. The compound (blue in colour) was dried over CaClj in a vacuum 
desiccator and analysed. ( Calcd. for Kg [ Mo (CN)^ (OH)i (HjO)].2HaO ; Mo, 
22.69 ;K , 27.77; C, 11.37; N, 13.26; H, 2.15 ; O, 22.72 ; Found : Mo, 24.1; 
K, 28.1 ; C, 11.99 : N, 13-03 : H, 2.06 ; O ( by difference, 20, 72% ). Its solution was 
kept stored in dark bottles wrapped with black paper and its concentration was 
determined by titrating potentiometrically against standard pot. hexacyanoferrate 
(III) solution 8. 
Chromic chloride ( A. R. ), ferric ammonium sulphate ( A. R. ) and manganous 
sulphate (E. Merck) were used for the preparation of solutions and they were 
standardized by the usual analytical methods. Fresh solutions were prepared to avoid 
the error due to hydrolysis. 
Polarographic measurements were carried with a Fischer Electropode against 
a S.C.E. KCl (O.IM) was used as the supporting electrolyte and gelatin ( 0.01% for 
Cr^* & Mn''"^ and 0.02% for Fe*+ ) as the maximum suppressor. In order to deter-
mine the constant potential to be applied during the course of reactions, polarograms 
for the reduction of various metal ions were taken for the following mixtures : 
(i) 0.4 ml CrClfl (0.1M)+2ml KCl (1.0M)+2ml gelatin (0.1%)+15.6 ml water, 
(ii) 0.5'ml MnSOt (0.1M)+ do + do + 15.5 ml water. 
(iii^  0.8 ml (NHJ, SO^. Fe, (SOJg (O'lM) + do + 4 ml gelatin (0.1%) + 
13.2 ml water. 
The polarograms were drawn ( fig. 1 ) and from the plateau, the potential to be 
%a » • t—r^ • • ' 
03 »w •-• -••1 n »y 1^ »! M i-j 1-5 1-7 
i>y\(><jlI<V'<<U<>l.v. 
Fig. 1. Polarograms of (i) CrCl,, (ii) MnSO ,^ (iii)(NHJ, 
SO,.Fe,(SOJ. and (iv) K,[Mo(CN)^(OH),(H,0)]. 
6. Kabir-ud-Din, A. A. Khan and M. A. Beg, / . Electroanal Chem., (in Press) 
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applied during amperometric titrations were found out. The potential applied 
during the course of titrations for Cr (III), and Fe (III), being- 1.3 ann -0.45v, 
respectively. 
The amperometric titrations between Mn (II) and hydroxocyanomolybdate 
were not carried out according to the reduction wave of MnSO^ as hydrogen wave 
interferes with the reduction. As the hydroxocyanomolybdate is itself oxidisable 
at the d.ra.e. giving two waves ( E | = -0.05v ; E | = -0.3v.) ( Fig. 1, curve (IV)), 
it is evident that the titrations with Mn (II) may be carried out at an applied 
potential of O.Ov. 
Purified nitrogen gas was used for deaeration. 
Conductometric studies were made with the help of Cambridge conductivity 
bridge ( No. L - 350140 ) with a dip type conductivity cell ( No. PR 9510 and cell 
constant 1.46). 
The studies with Cr'+ and Fe*+ were carried out at 30° and with Mn*+ at 70° 
due to its slow reaction at 30°. The temperature was maintained in a thermostatic 
water bath within ±0.1° accuracy. Both direct ( salt solution as the titrant) and 
reverse ( hydroxocyanomolybdate as the titrant) titrations were carried out with Cr'"*" 
and Mn'+ but with Fe'* only reverse titrations were made. 
Typical curves are shown in figs. 2 to 5. 
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Fig. 2. Amperometric Titration Curves (Direct). 
(i) 20 ml., 0.003M CrCI, and (II) 10 ml, j 0.008 M Mn 
SO, vs. 0.1 xM K,[Mo(CN)«(OH).(H,0)]. 
844 KABIR-UD-DIN, A. AZIZ KHAN AND M. AIJAZ BEG 
80 
10 
h' 
t 
•>4o 
> 
20 
IK 
0( J—-? 0—^'"^ ' \ « 
liii) / 
—%— —•— 
'" x<J 
ii'n 
o- -•-
0-* »t OS to 11 1+ 
5 » i i tolv, vol.jnt 
I t 
Fig. 3. Amperoraetric Titration Curves (Reverse), 
(i) 20 ml.. 0.003 M. (ii) 10 ml., 0.008 M, and 
(iii) 10 ml., 0.004 M K,[Mo(CN),(OH), (H,0)] vs. 
0,1 M (i) CrCU, (ii) MnSO, and (iii) Ferric alum. 
> » 
Fig. 4. Conductometric Titration Curves. 
(Direct). 15 ml, 0.005 M (i) CrCl, and 
(ii)MnS04 vs. (1) 0.05 M and (ii) 0.10 
M K, [Mo (CN),(OH,) H.O)]. 
i ^ i i tii..>.(.,«t.c>"'"<•"••.>*''] 
Fig. 5. Conductometric Titration Curves (Reverse). 
15 ml., 0.005 M K, [Mo(CN)*(OH).(H,0)l vs. 
(i) 0.05 M CrCI,, (ii) 0.125 M MnSO, and 
(iii) 0.2 M Ferric alum. 
D I S C U S S I O N 
Chromic Hydroxocyanomolybdate Complex: The reaction between chromic 
chloride and hydroxocyanomolybdate may be given by the stoichiometric equation : 
CTCIB+KSI Mo (CN)^ (OH), (H,0)] = Cr[ Mo (CN)^ (OH), (H,0)]+3 KCl. 
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Both amperometric and conductometric results give a combining ratio of 1 : 1 
pointing towards the formation of the complex Cr^fMo^'^ (CN)^ (0H)8 (HjO)] in 
accordance to the equation given above. 
In direct amperometric titrations the current increases in the beginning and then 
decreases. This behaviour may be explained on the basis of the solubility of the 
complex formed whose concentration is very low in the beginning. When the solution 
becomes saturated with the complex, precipitation occurs and the current begins to 
decrease. This decrease in current continues till 1 : 1 ratio is reached and then 
remains constant due to the non-reducibility of the hydroxocyanomolybdate at d.m.e. 
Reverse amperometric titration curves are typical in nature but the break near 
the end point is not very sharp. The diflSculty was overcome by extrapolation. The 
slow increase in current before the end point may be explained by taking into consi-
deration the solubility and hydrolysis of the complex. 
Manganese (U) Hydroxocyanomolybdate Complex : The titrations performed 
between manganese sulphate and potassium aquo hydroxocyanomolybdate solutions 
provide ample proof regarding the composition of the precipitates obtained by their 
interaction at 70°. The ratio 1 : 1 for the reactants found on the basis of these 
titrations points towards the composition KMn"[Moiv (CN)^ (0H)8 (H,0)1 for the 
complex. 
Ferric Hydroxocyanomolybdate Complex : In this case only reverse titrations 
were performed because dilute solutions of ferric alum hydrolyse readily. The results 
give a 1 : 1 ratio, therefore the composition of the complex may be given as 
Fe°'[Moiv (CN), (OH), (H,0)]. 
For almost all the different concentrations employed for titrations, the amount 
of iron required is larger than the theoretical values. This behaviour may be 
attributed to the adsorptive property of the freshly precipitated complex. 
The authors thank the C.S.I.R., New Delhi for the award of a fellowship to one 
of them ( K. U. ) and to Dr. S. M. Fazlur Rahman for providing facilities. 
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•t« ;'leetw>?'ii-'5l« ches* < In pT®i»e/ 
i'i^ee%y&€ f'&f ft^tht i-«>68| in •p©vii?oci fbi«» .tuly ftiicit loeis^^ 
hnf beau rlvt^n -e + y«67 V in the ,jre(«©ftc© of ?-i^ l o?" unpt.nteci 
csanec'Rti^tion (o^^'^ or • u*m % fstjt»«a (ge '^ i^ ^hen 4 CiV" rrcupr 
••'1-0 fH5i>lnee€i by 4 Oil" .^reti^^rt n v^lue of •••W iVi/ . ( v> »•* ^•^^ ^^ 
in n ?t«ttiratec ffliksline ftolution of tho comj^ Xeii H'^ g tjncn '^Q,,)ort©<s, 
In n ciet,"-ia,<sc5 ©tttcif «f the reuioy i>p«),>ef i^o8 of hsrc^ro^oy^nnotun?^-
etat«( i¥i» &«ikhniev4eh ant> Lltvinehul?" ?*JHJ^ *«fPOd h^-^  ceijonacnee o^ 
'^ .he t^doK p©tantim on pli >^ y the ©runtlan* 
«.<g» 
The- ©cttfttion alK»irii -^mt two 0l#et,«t>n® f!houQ.ti be iiivf?l¥s<l, 
in t*hc- 0CHJii3..ibfi«Ba pf^oe?»e» is^ u* the pt^^osea g^chaniai« 
Turin/' the proton^tio-n «tf*<|M6s 0"^  '*^ii' tctrr.*^iil>f?til3it©4 
g 
ec^ mt-'lem scrforaiijg t© th« et^era© i 
(velloviirfi-l^rovn/ ( l i l a o ^ <m«ii#!h*vialet^ 
*« fllfTilfle'^iit <^ ),nfief^  oeeiiFis in th--? b n s i © i ^ mm 'fc*®!! ^^ e in the ^emx 
•jtitiorttXnl^ •'ve th© reaex prece^we© iii tlw> renetlon nr^ obeeare» i t 
t'^f th-^ .yirt»t ^JorthwhilG t^ mrr^ aut n sliailr^F inventifiitlori to th^ -^t 
fh® ^r&BQnt cKsweaiiie^tioft a©??lf? v i th (iji u^terrftinfition of 
:.ot^fi«ia» hyiiip^j^tetTOeyanotaiiiietBteCiV/ iiaing o%imti%n$ igtCr^p^'-* 
ai«j ceClVVi ^mi ( i i ^ «2«t®nalii%tiD«i of F'^ ffe^ - the ©i«i®tirje reei©x 
coaplQ iti «!!ll£alii.© »!c4itirai by the potential fae^is^tor rfKgthoa aisiaf! 
KgCiTc-iCl^ i Jig"} riff t h e f..Kicsliitotr# 
• 3 * 
^^ •4L'^ *'^ *'^ 4^ ^^ *-"^ 4^J* "^  *•*#• '^^^ or^Gtf^llttm ^llovv^rtami complex %?0'i 
pTf'pnrta filc^i^ljtimlly a.«ii*e t.h«» ewsthoct of J-ijU-th-'^ J.evlcb end 
t l t v lnch t^ ""'• All m?>t«*ri"lf- UPMS -ysr© of -»P» ip'nae (»«^»!';») 
Ttie (Ki>fnpl®t« vfi?s k©p* ©VIST* cncjl^ Ir* « vnentMi aerlcoatnf* (''^tiiiti* 
c» f*«i^i ^', ia»i7f Ki s>.ai* c^ lc^ fbr fC^^ -(ct.>^ C<^ f^ i^ .4 *-^i 
a» a.lSlI fs, f^ .B7f Bi fWUl^  h 1%P par i ty t-«^ P liotorsir^d pot^ntic--
r)©triefill3r hy t i t rf l t lnir v i th i>ot.n>«*fiiusi fterrl«32r?^ iiici©« 
eryetai 1 iaecl from *mter isno *ir«*ai*ic€U fftc irf^n coii'--©ftt fs' *-he 
cofniilS"-" w^r u3torr5lii©€4 looootetriGfilly »© r&i*i,ii^» 
'^11 ©thep yei,f?©nts u.i«©6 v^rm "-•nm [^.dM: or ?*ereS! reni;ieiKt-
rrnde* TIse couples sfislt fioluti©«^ were a torrc in ««5l0ttf^ <3 bottler^ 
" i*2r® PtT^eielan Vernier t^oteiitiomtisr icnt»iGm"?mmi in 
e^nc.lujictlari v i th n t>?illiiBtle if^lv^nometa" '^na 1^S|J -'ifc f^ cf^ l© 
c^lciBjel elocstrceie t-'%ps u^ o^d ^e R reference '-nti «^  b r l r l i t pl«^tiniKJ 
electrocSe i^ p tfc#i Irsiiie-tor eleut-s^cle* - i3icM5«^ ,ul»e f>om tho re^isr-
m^m 
t-ms wmti to QOimeet the %rm hf»li«si^  of tho e©ll« 
"11 isenpar©?a0iiti3 vert mnm in n mf^^mi^ ro©ss» th© temp* 
erftta**© %ma aaintaiiw^Ci within t u*!'* in s fo'^ieoi* Bjm n^reisr 
t4i6Traort-'^ t« •*11 opaTsitionfi ymT6 Qmrria'M ®mt ttrtuof i» nitiror^n 
*!!l»aaB|?hei»e« cytHySBr nit«>-^i9n %?n8 nm^^ a f ter piaprsfp thr©iif*h 
ehi^ p?f5U8 ehloficie eiwi nlkftiim* pyroipllol nalutionp* 
n^r th© potcntiofscsti-ic ci^tetwiisntidrt of 4>ots5sri«K tetrahydro* 
5eDtptf^'e^n0ttin.fet«^te(iV; %fitJh iodine t the ?:i?liRinic ciFcuit ¥«® 
IH Kj"CC^;^(GiuJ 
"?M titP'^tif^nii wr© oerried out in i li KOH a t riy^ i^ith a . l ^^'s 
iodine* the in tens i ty of th© im<;di^»viol©t colour o^ the polatlcn 
<i0ciH»^ .<^ d r>B th?; t i t i !^ t ion t^ro^eded* '- ^nrp ^\m^ iii sjot^-ntipsi 
WB ob^rVBci on #c*tiin.p owe equivalent o" th© o^ia'^nt nms th*^ 
fK?lution h^^enmr' CSOIOUKTI©PB-« '*' typical {mf*ve i r phavn in Fir»l «« 
Th€ i>o-^ *«intifll ^rr?nk nt the ©euivwleneo i^oint t-??^*? nbaut 0#?^ 48 ¥ f©f 
0»aS aX» of OKiciitlit in the titrntlor.* of fte .'^  hytiroxfiey^niao in 
1 ti iJO't».fli?iUKi hytfroriil© v i th a*X »4 iodine erlutlon* r-fjiy circset 
ti tf '- ' t ione (•hyc;iro«ocyfiniu© solution in the o e l l i •^ ro i^ Of^ i^ble* 
'?tm ffiyox react ion CM^ h@ repreeented fia* 
**&•' 
The @<?tt411li''iiii?! e^Knt^ifit (K) tor th© iibo¥o reftetien* UBtii.r 
vpl-us tn4ie«t©a t h a t flt eauillbFliaa* elf*«3fit n i l th©[j--(cfM^(Ofi>J^'* 
Fir. 1 
r i f ^e t titr*^tloiss of hyuroma^nnim with ^^,ap^tu nre uot 
iJorrlhle in n<;i.g r^tiliira bec*fttp© Of th^^ rese t lon bet%mtfi h y c r o w 
csynnida nmi- nciti# * solution of K^cr^^ in 4 M ih^Q^ \ff^& tr^te^n 
IR the titp*stioR offil •^ nti %?«e t i tmted l ^it-h a».l •» h;y</'?»r>^cynftioe, 
The ?s^ '^ -i«4ti©« vnn deo©lo\iPi8e<i o^ini' to reda«ticri of K„€?,/>»»• '-^ W 
h3rtiT>o^€^iiici<» sd<fe4 ^ifter the <»cu4lPileRi» point Im U€^,i^mtmmd 
t^ y ••he no%u <30iit<iiit of the i^»c?tiofi mix'bAi^ e* >•". pot*.fitial b*^ -*;*!!: 
of y»4a V/o»aB sa. t??^ i; ohtnlrted* Th© i^isuats of -^  t^i*ic^l tit*"«tlon 
are ehovn In ^iF«l B» outlive !• 
•"inoe cilfc»<st t i t r ^ t i a n e WBTG nmU^ i!S..^p'^ ihl@» Qe("<'u^r. ^ 
•^  i!K?diyKs of 4 « *^^ '"'^ 4^ ^^ «^ titf*«tea %fith hycti»oro«js^«i«e« nt the 
eniiivi«ileiie© pointt ^ ^rnnp In yotentiffl of 0»HX^ y/QmQB ml %ms 
ohm'^^m (see Fl.ff»l?.t curve llh 
The tiiff%»©no« in the tiohftvlour o' the v? pioue oxiaanta 
trt^ mptfci! potRp»i?l«K8 hytJro?»oey«^iioturirptat©( iv<^  I s mlf @vi(Mnt» only 
iiS^om 05fi^nt« vitjii- ?» hlrfi ostiflntion i*etftitl^l m^ I'^rm lnfl®Kiotii 
n t th€* oquivf^leneo point* 
Mi^'Hit 
The sracunte of oifi^nti* (^netased iii nil tho titr»»ti©nfi 
e0n^*»poiia 8toiidiies»tri<NU.l3r to ttm oxid^tioti of hyctroxo^yano-
tan^!irtBti«(l¥i t o ( ¥ i i i 
^h© !^thr»df? *»i?« accurate to j ; a»ois-» 
Th© ^©tefitif;! imdi?»ter w#t3w5€l ^me urea in t h ip ac t c r e i -
nstion* U^&s^'mcyni^ (SO i^ a of f»«a E*U ^^ S^fl tit*^t^^^ ^ i th Q«1?' 
ic*!, DPe<Gl*ig]« After ««dh fiMition» the potcntiRl vma ae^stjired 
St th^ bi»iftit p ln t i i«» • l « « t r o ^ « Tity«!tioBe ver« ec^ntinuea 
iinitil « «iicit?«ii ehii»-ip in potential vase obeofwa* feKiiertoent© %mre 
esi^i«d o«t v i th vsiyinf e©ii«eiitr«tio»0f Kt H (o«l»3«a ru« 
T!i© vlim of E*^  wae ^ t« ra in i i ^ ttui**!! th© rel«tior»^ip« 
¥• « j ; ' ' • RT/nP m [ t A t ^ * t ; l 
i^ N©f« E in t t ^ eloctftsd© potentiftlt t»thi$ assiount of o^iannt mmod 
t t sny i>©lnt liufinf thi? t i t i ^ t i o n t t ^ t th® aneunt of OKiclnnt namd 
a t «ia ®c!miv«leiwr» point nnd ^ifTtF ?in4 n h^ve t h e i r um«l s i p I f i -
mnm» T I ^ laean vslues of %^* oetaiwiiieii j?^sphio«lly l>y p lo t t inf 
lo r [ t / ( t^ - t j i I ¥«• ©leetrod© po1»ntif»l(nr»f'> a t iripylnf ron eoneen-
tr«tlon!!» «ir© r«e©'P<ted in f ^^ble !• 
I t o«R hm noon frtsm Fir»S th'^t thp fH-np^ of the various 
etfaiiiht l i nos if nppr©xiB»«tely • a*03f ftf^  thn t Ot th© nwiiber of 
olootrom taking si>nrfe in the oQUUibrlum i?rocof?e.| ia miwl to 2» 
• 7 -
•m W w w 1* 1^1 • "--Will""- -T-Tirr -n^-^ - - ' - • - "n ^ - • • . - . — p . — ^ - n.. . T,., •.•....irn i . . . . i» i . i , i i • - , • • • i , - . - • • , ^ M . , » I . , I , M . . » > , „ , M., . M . . ^ . — . • • ^ . ^ . . yr»-^w»>i!»ii,.«n»»^W'ii nm wwi t n i*wi W H O I M W I * 
Q*m '^tfoQif n,u -a.7^7 
'ihe ^tf^Qt of KOH coneentratlen on th© F '•vsiiaie- of th© 
{^ ©teis wsy be in'?-*of»pf^ t©a In ?> ©laiJlfir ranmier t© t h - t pf^ po«>ted 
by i'*{5ltt»5fT ff^ r thfi efffeat of KCl <K5iie©fitr?*.ticri on ttKj fterro-
f^rric^iriinid© f^ i5*©f!i« On th<^  b-^ pl® of thrpfc coi.f?laei*stionr tli® 
.©^URtlon-
^'on/red " '^ ^* brt/ntl In [©js]/|>@dI[^oii] (4> 
hol€l8 in<fri®a<i o^ the ttstia ©Quations 
K e 1.^  • [RT/flF] I n [05l]/[TOCi]. 
m^tm 
f^luep rt-r E** (ve«MlE^ a t <llff©f«frt t©iai*««^*iir«0 (jtt«l»S3a/ 
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•^OF f> flsfoa ir?l«© of [ojt] / Dp®<al» a i>l©t ef r vft/[rrHj f^ei^te 
In s pttffilght l i r ^ tlws aloi»e ©f tahich P1V®S! tho v^ltie of «^B1«6» 
fhttRt t !^ ©quatlan f^i»i«ei«8Rtliig th** e f ^ e t of K-.H OR the redoie 
^ox/r©^ « ^ ' • [OT/nF] I n [©jc]/[i^al [f< B] ^ •^ ( fi^ 
fjentf? csgFi'iea out fit «iif• 'f»reiit ionie atrengtliR i^ov thnt th® OK4» 
^ t l o n iiet€iitiisl <^er«*^«e» witti Inr-resiii in ionic fftiren.eth» 
'^•'' %r«i8 aot4&f«ffliiiK*ii «*t diff^f^nt t«ay©Ff5tui»©«( ?«M.« 2> its the 
f«iipB» ^S-^IS^S"^ n% iRterimls of B'*. fhejs© i^laea ymre uaatdi to 
enieul-ftt^^p"^, tn*' nn^ A P^ fuji* the ^©tee «t v^iploae t«? i^>9ratu'^ ^3r 
th© vai'j©!* nt S^S ?c r^© 3S«4 k©ia. sole # ""SJ^ e^ keal siel® *^ ina 
•../•184 >,Qnl mr^* «©le » r©»i^«etiv©ly» 
'•s th'^rt? Cr» r,fi»F,9^hefiR tcv iirovt&Xxifr. the f^eti tti@«! ftef 
tTiip vo'*1e wnd tho c»r^»l»^Ut h^w Vmlhli itmifi) t for the «^ «iiP€i ef a 
.tufdop •'^lldwi^lp to -ori© of a# C?c,!f» ,^ 
^ • ^ 
fmmhM 
fhD i>otQtitiom@tPle detewninatioR ©^ tcjtj^-ijotoftsiias t e t r a -
hydros53rtetra<^ai»tung«tn-t«{iVi Ufting l^^$ c r^)^ ' '* ar*d ce(XV> ee 
orioaritff ip yes»©rt«i<i» ^ a ^ l e e relntln;* to tlie detcralu^itloii of 
ttm oxld^itlofi »©t^tit.ial (K'^^ tjy the potent. l^ f?l f!}©cilia"ter nrnt^ti fbr 
t4(iv>-»(Vli hyci^xocyaniae eoeplex ion eoiipl© In fil!?«llnf; raodlWK 
nre clep^rlbed. Th© s:"** 'Tsla© ci@i>©iKij? ei* thcT oonoontratlon of ''cn 
mm th© © rel^tioii«hl|>« f: •« E ' '« [ftf/nF] l i i [o3«]/lr©al[f^'':lt] ^•'' h-p 
l»©©n fte'diKj to hoia for the couple* The thcrcioclynfii-njic aunntlt loet 
Ln'^f AH'* ?"-n^  A''"^i have *>le© tJeen cctlcttlat«cU 
3» <;• .jollonfeergt Z-m i*hysik»cheia» • 1 ^ (lDf4> ses» 
Follteich«Iiiirt»# «»y» fhi»»^khi:iel»»fHXl<^Si; 16, 
€^« v,^ U Lttvinchi& nnciK.f-. Mliehatevlc^i ^^r»rhii!i.---^.li,, f>HV^m>m2. 
7« ^^i^^lr-tid'«4^ln» ^•A.Khnn '^ tm ?1»Ai^ asi 11® ,^ ^•EIeetro»^nnl«che?n«» 
Hi (Wmi 187« 
«n<i c c . i fiow iforfei M f^^ lt ^•Sa6» 
^u i-»,4« i.«tia»©r» The oxioatloii ?-"tat«e «f th© HG;TKXfi|© ana t he i r 
i'o t en t t i l r^  Hi Acmtotts 5^1 ut lone • i*r«ntioe» 
lifilli *>e%, if®)rtt» lll63i |j»63. 
10. '"• .^''>i?et(5nf?t IfitroduetioR to .(^leetroehafiif^try t B.vtn lofstr'-'fjci 
coftti^ nfiy, rrlnceton* fe*.T», in4»5, i>,p7G. 
11. i . « . KolthOff» Gh!©ra«'--|*ekmfi<i» 16 (1919^ 14iM* 
xpe!f»i«fiti9 (In pr©®®^  
cynms^HfrfstatertCiV^ have t>©en liswirtli^teii **sil?e«HS«ftf»ie»illy lay 
tl'ii'flttiai: c i ^ ^ t&rrie nlvm n.tm i>ot*?»sita!i hy<3roK«oy»i>D-taii,ffirfeat©-
CiV>» on i»evi«%flii|j the lltor* tare i t hm^ been fbtirte ^ a t no 
fitf^rapt h^ e^ y©t bf.en mna^ to etudy the oompoisitleii of the pi^ei* 
|3lt?it©8 ftonacci by th© <ibo¥l int©ra«tioii©» 
fcsa§r4Sffill^« FotasPiiaa hyuro!«3t©ti?a<gf«notttns0t8t«( iv/ 
tetfr^hydtt^t©» •^4[^ ''(<3^ '^ 4CCMi^ J« 411^ 'mm pvtiimm^ fbllowln.r the 
aifcotlona of MlKH/4.to«iaH &m hl'mmaimK i t s solution t^8 
kept in ®ft iseib©r*o0loured bott le ¥rspp«d in M ??ck papti*. The 
streni^th itie det^rsined potentiiwaetrleftlly by t i t t ^ t i n f with 
QhTQmiQ (^loria«« fferfie WK^nius imlphate fjiwl othur RntcfiF^l" 
ttnea ^ e ^ ef AniaaR <B,D«iu> |p»«id6-r©a|i&nte» Thoip lioXatiena %»re 
made in t r ip ly d is t i l led vi?ter ??n4 etren^^i* t:.etef%ineci by vimwH 
i!iethade« 
A Fisidier KleeftPti^deC @enaitivit3r liEi t^ sp u^i l fbr ^erf&r-
•nln?:^  ajai>ew>twBtf ie titi?ftti©ne» A ^ ropjiing t«reary eleott^cie imvific 
t B 4»F' e©e at - ci ©, ** ^ •^^ (v©#?t«c»E«> in c^sn^ut^ction %?ith « 
i?atar»^>d ^ l e a e l ©leeti^ae vft<? ueed for current ?!}©?>aiefemente. 
tax (i)i,Wii im-f. vkrnB^ nf> th© b«>,ee eleetrolyt© snci *^ln.%ini 0»0W^ f©r 
Cr" 9n«i u#0^» for ^ reaction) nm the m^ x^iciiiK^  eUf^ i^ ressor* 
«.&• 
ffm titi»fitioi48 wgive earrie«i out a t «^iJ4dlea i#otofitlBl«»*l»-3V 
f^ na -a»4SV ( ly ing OR th© plfit©*»ux of th@ polaroi^ftia® of c^rosiie 
©K!,o l^^ # »?fi^  fferrie aXast reepectivelifi both in u»li4 fc,cai» 4'*url» 
f lea nltrop^sn vae bubbled thrott#i th© csell Bfter endb aualt lon 
af the tit!?*;fit» thl® en«ittf*ed a t}i»roia^ fulxln?^ of the reeotanti? 
onci raatis th© ralxtitre oyytmn frae* All "Wie t l t m t l o m ? vcre per-
foi led 'St iO • Qml'c* 
Both l i l ivct (sie'^l Ion solution In tho c e l l i «n<l revefge 
(hy^i^jroo^anlcie eolittlen in the ee l l^ t i t f ^ t l o n e X'mre perfommd 
vi t^ wiv^in^ oone©irt.f«tl^Be» Tfm reeudtn P,VQ mionnrlfsed in th© 
Table find reepeetlve curvee nre tdiovn in the Fi,mre# 
i,4jfii^ fjRie^ §» Both the cilreot ^mx r e t i r e e !^r!!:^erociet'*lc 
t i t r a t i o n s between chromic chlorlcJe/f^rrlc oluia mui i^otnn&hm 
hyorojEO^ftnotunf'etat© (XVi jRtlve n combining r^ t l o of H I t^olntlur 
the fonaatlon of KM-^ '^^ b-*^ (^CfM (^CiU J^(M being cr/Fe^« 
itj c^if^et aist»eroBietrlc t i t r a t i o n of c^roniio ehloricaet the 
mi?*-"ent nt f l r « t Ineresiwie mm then mcumf^mB (Fl,f!i4i»e» curve !>• 
Thi« be!u«iriau3r may be f?n^ l??if»B<| on tlws bn®l« of o^lutiUlty of the 
®5apl©jf forraea t^ wsiie c^noentmtion Is mry l ev nt f i r^ t* * hen 
the f«>lmtion beeoaee e*^1airs!tedi %rlt^  the eoraplext proclpl t^t ion 
occaire *^ na cuiri^nt be,fine to eiecrer<fie# fhl« deerefsi* In curront 
contlnaes UfitU tfm end yolnt l» ref^dNna nmi then the current 
rewplfm constant In view ©f non«i:^iJiiclbill'tgr of th© hycroirocymno*-
tunretateClVi ^ t d*ra.e» in reverre tlt.r«^tione» the observed 
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eur^^nt THsistait]ii» la^rm&t afw^^fi|©d orj th© saeit.ion of chromic 
c^torl<a® ©alatiati ttiitSl th© ef%a«point i® i^acheH* nfter t*lch 
the y^ctcltloii o^ tfia l a t t e r C^iniro* eurw i i i « 
'"Itii fi8i*rle fitm&9 the jih^ Ayen of •Wia t i t r a t i o n carve© nre 
typie«3L» bath In «i« c^lrecst fif» %-i®ll a© r©wrre titr-^tionf? 
(Fi'niret ourws iiX 'MMi IV >• 
Til© titr«ti0i'» ,rr*)!i>h0 sre «o t » l l a0firi©4 thn t pot^r^li^s 
h<;aro5rot0tr©<s3ran©tunr!etnt«(i^/ c^n b« suitably ©mployea far ttie 
«>i!ti!a.atlorycr ar^ f% ions ^dperfimetrieeily. 
bm?*^""'" "wird «'«perdrj©tri!tch i^rs i t t^ l t . 
•''"'Hir«-ud*?"iii, 
T-^mrfm-^t!^ of ah®!?!ifitry« Ali,r^f^ Mu«lim fli^iwrpity* 
*llf~?^rh (In^infp %2 ^mm lf^ 68« 
fj# hd^i-do^&umm&titu The «uthare JRI^ .^rntefal to Dr. f^.f-'Ur.nshr-sii 
fbr pr©vidin,«- nrnmemry -fflcii i t i e s niwa C»?*«A.B» (ifwin; for 
r-^mraifip: "• .Tunlor 'f^lloviihip to cum of thsia C? .^?!. >• 
« l ^ l > * 
?'U'.inp«fy of the r e s a l t c of fti!ii:j©it>B>©tric t i t r a t l n i f l 
wclari ty ©f the fMjlutloiiB(Hi cmlv^loiice iiolntCrali 
mtn% Ian I ly t JPOKdCyfi I l i ^ C^>le«Q.atea Chmrymu 
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nm tho « t a ^ of l^m fp ^^illftr eosiple^ i©ft« ei^ isip©rt-''-rit aue to 
t h e i r |i0i«»ibla ftppl,i«atioii« in s,i«ilyti<i^ Gheaii?tt^ «rsd to the 
^tiihiliaation of uurt^bitj iene throai* complex ftef^atiom The 
w>f* ci©«.cribc«i li^ thi.«? thenii? g®iil« nifJi i^s» l©*-® fusfiilisr 
eyanoF^fi «so«plexii** e*^  ©oiybcJefjupi ©nti tij«|wt©r4# 
Tf*iiJ0tioeei»s s<lt«j»triiiycir03«st@tp«€i^aRom©ly!5ciate( iWi* asea 
in thoi^ inveGtiratlofiSf ws® prei>ay©d l>^  tti© a^tttea ©f «tnT?:ob an^ 
furki©t#ie«(li s^^llfiod h;^ ."^ ftkot* .^i*d .T'^ teeb <?>>• TctrSiJOtatapsiiM 
teti«n!ij/-«;;T'0-otf?ti^.C8j®notUf»gi»tiite(iVi was olJt*\lw@<i by •follovlng 
tit© dlw.!ctif'riR of Mikh5 l^€svl©h nnu I»ltv4«ehui5 (3>« Potcrjtio'7i©tric 
nnd i>elfliftif?y"^Phi# t^^udies of these hytiyei^'eeyarslclfis nnti tho i r 
eltct.'P©raett*ic ©fstirtfitiemi !i»wi csarrieci out* r©;^ soluble s^-rwJ 
itinaltiS>le fietfsl mmifleneei of tJhr hycf^jcocynrsidis?' hav© -^lao betri 
«tu44.ea« The i?®»ii1.ti? of inv6®ti.f?^ti©ii® ©r© ss fbUowsJ 
r'otetJtlOfi^trlc ostisatioiia ymve oarriud ouft tteiiijr oxiciii»irjg 
«»mf«t« l i ke pGt^&Bixm fe?*ri0yaiiia0» ioalnet pot-^F'fiiuia oic^iftsis^ste» 
;.?otftr;®iiir?! i-^ef^aiifpiwite 5r«<s eerio euli^h^te* *^oti''rt«i f^rric^miiia 
%m& fteuiid to giv§ rnryltf* ^i t i i in the Fsti.ip of ij#Q4t. both In the 
aif«?ct («si<Jiant *^ff t l ^ t i t r « i i t i mm v&'mrm (b^iiTei^c:^miim nm 
tho t i t r s n t ^ t l t r s t l on»* l.'.0¥©r r#!iyat-"> for -^e hy.TOKaeyniiicas 
•2« 
revr©© titrstiori® ^©re i-^ o^albl© \iXiM t^o O'tlcantrs '^ •f^ '^ g^ -'^ * 
*'?^ Trf.^ -^'^ tMi cm *'^^A<fei» ^h« aiffl®i*nte of .vririeutr OKliMmt© cori<m«3eci 
%iem f&ixmk to een^sp©fid ©toieftlonotflof^lly to tfe© oxiu&tion* 
?h@ ra^>cti^ -i3 0f the hyoro«»^©riicle vith torrieSf^nim 
ir)ti hml ralao boen atlllsiad t© cf»ti!a*>.te tho fViifffmip '^mpei^r^trl-
eally. The titr«tioft^ j>©rfbfssci<i tt E^^g^« • a#av yi^lc^d m^^ 
TdpMtf! m-^ii ehfiWRtj ,^ e»mblninc rntio of t» l '"letween the 
re*^<st*?ntte» 
?-©tfl0ally ii«i«f! l^# arj^^ mm C®(1V> aa oitii.niitj?* m a^ 
nm .^rotnetfically %3!ith 'mCF^ • *^-ll the OKicf^ fitp yielcted m^a 
ifeniiit*! j^ nci tholr nraouutif m>tmmmu fmrni toxam to oorreppoiKi 
ptai#tlc«a6tricftlly to the 0Ktti«tion of hycit^ ifKie^ano'laiivr'iptftte"' Iv / 
ta • t:mr^stf)t& (Vi> 
[v"(C^,^(«U4]*- - [ • " f " f > 4 < ' - ^ 4 ] ' ' " r> Q* 
•3** 
«n<i '-(IVi • ^'(Vli hydroifocywiici© cem^lesc ioii <»npJ.«f? in allcalJUje 
in^aluaa ^?ere e?»rrl«ia ©ttt« Th© resuata iiialcstea thnt the r."^  • 
bydrtJijfyi ion«!t« The c»*mri^ ®ii«e ©f t l ^ fCi-f' ©ra.eefitr'^tioii on *  • 
•tm'/ni^J In CojEJ/ [real [»^ OH] ^•^t 
for tho fsoutH&p- of h/<4*t>j«5-iiolyt>cia^nRi<i« ^Ra hjaf^'»otunr«?tO€^«Rii 
rc?ii.»©<jti¥6l3r» The oxtafttion %?9© fboaia to Invoiw tve el@©ti»on« 
In hf*th tl«j e*»fflies» the if«ai*>cetive f»€ciox p«flctions h^^w Imeii 
i i ^ * » 
4» EiiittsiystlaL.§f.,aiiiimaK»OTlj^ge^Es&li^j^ 
rol'^iTOfrophle behaviomr ©f the hytt-rostocj^arilae s of 
•7he ©fffectn of V!^r4!"tlonis! of i?'''P «mi h^ttrtsmi^^nnim &^tiQ&ntvntion<, 
h^tl^^ieotUfirRtceyanicie Its fCc:-!!-* mmltii!! tmr- ^i-optsrfcicr^nl to i t s 
cnr<<se«tmti©n t^leh npy-enris t a be of nnaiyticQl irai^rt«n«i» 
i^ w l^utole oompleis vltli vit'^d^rl fsult>hr>to# T!JO co-i^iiositiniii C ttee 
v-^ ri«aiyB?s< i.v> h^roiroieoraolybcioejrpisiao I'Oi? aete??!!lfiea by the Jr.'?iig 
r.K t^liad o<* eoiititiuud vnrlatif'n© (4 / fiiia rwl'-r r«»tl0 ^ '^'-^ loci (P-> 
ne^ ar^ rc^ f^ice ^ I th the etoicfliloiac-trio o.-3ttstiont 
The ftef^ntion GOiUf^ ^^ nt (K/ of th€ Qorai*1.0X vnp ev^-lonteii n?? 
(7tEt*^«l> lu »%fi6 the fpe© «siii?r|^ of* ffci^ - t^i^ - i^. ©f the ©f>rae4@i? 
t'f*'s e*^"lc^?5te<i se (•6»66|.y#ol> kceX. a t 85'^ a« The iiifluoi*c© 
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of pi-' ©fiXwaft vmm wine fft«dt#<l nnu fJtm ceispleif f-'^ « faam} t€^  H@ 
eori€iie"t«t!»etrief f/©t©ritlew®trle ^tm so.j©r©^,©trio t i t r a t i o n inetiiQCifn. 
A c«>?3"blniii,r rsitlo of 1*1 b®ti#e®ri the - resEetants \«i« li^cileste^ 
by n i l the t©chiil«ia©8 i^ich eoii^fsoa %tm renyata of ®i»eetir©-
phot«n©tfy. 
The <K5®positlori of th© i^aetlon proaiust obt^i t^a fe^r tJh^ 
Intcfncrtlc^R cjf ttr?*.^yl nci^tat© ?irm potfiesitis fi^aro*0Kiol;y^«J0cf'*'.iilcie 
wae clet^ireilwed «ip#strophotoffl©tri«iilljr uelng the ?i'^*B «iia ci^lf-r 
ff'ti© !!^ 1^o<i8» Bal^ th© we'Miotie r«^ \re ?i ccMnbl«inf t»^tlo ©f H I 
bf?t^ 'S&0li th*? njiictf?iitjs iiitilentifijff th© l^*^ntlcn of the :.'a!!»fileK 
t h e egyu*itl©iii 
Th'^  •fc©f»^-€># ffe'm'^tlaft cf i^if?tftnt ^na fsree ec^ri^r of lbr«i??!tioti *ssHi 
The cK^oponttlan of tlme^m caet^l hy^aroxjf^cyarilcaiji -wag 
txo%GTm%xm^ ^y th© condttotosfeetrie ?^ iid. ssiaerosa^trle titi»*^tlor» 
^lethoan* chtH>TOie»» fte-ncie- «*«« i5ir«ir^.-l^^tf^i«»arii3f^Ci^eynrslcie 
-e* 
tiftosr«oid« re.ietl©R %f^ s Btaclle^ n t To'^ C np th© ifeaeti'^rj t^^ wsi^ 
1^,m? a t tio^m ?h® ©om.joeltionis were fbiiiMl to b© Gr^*^ |f•!o^^(aKj^• 
(' n ^ gC n^^ / ] . ^^-^"^[}io^^(ci«^^(c^>g{H^i] tC ^fo^^^^[^©^^C^*'V^^^3" 
in the Q*!®© of s5ire©fQrl • liy<iFOSts>w>l^yoofsnilt;o roaetioft* 
tiMi fH^ Kftrs© «s©iiciiietf5tietrle t l t r a t to f t s yrovicMaci *^- brtrsk a t 1«1 
stolsr rn t io in ?ia.altlon t e th'^t a t 3i?:^ « ?or the f©rme"r t»r»tir 
t.hi5 «o»plfJX fbwied '^ ^iflci hny^ the* oc^a^Jocttion "^'^ -fO'^  [*'io (cr.i^* 
ift ^11 tti© esues p^N^dlplt^tes %R»f^  o'^st^liied on ral5?lnr tlic 
a«9lt nolutiena t#lth pot«5?(<siara ?>yc*t^»«aolybaooy?ihicie, fhe 
j!r«&€!ii»ltetie «()imiO<l tenc^eiidy to pf^ns into tho colloia«5l at-at© 
^i«n til® s a l t solution vsn uea^d to ©xeoar? of the tt^LrtmooymiiiMm 
The ce®i-»e«itionfi ©f th© c^l>ralt*» nl^^©!** OOSAF^P- ana si i ie-
h3riiroxo«Mily^e»«syaoicl4i« *«©?« ciotermln@<l i^iployifit«f! *hr ocfsattctoiietr, 
nnd nr^i/eiwoetric techiElruc!© nna VQre Ibiina to be r^o^ p.©'*'^ (=;E>^ ^ < 
(iipC;^] and K^ii^'^|j4©'^^(t-t.;/^(0lUg<li^Ji] f. reBF©et,lvely, in 'ci^rcn& 
with tt*«» .r^rierisl ©<|t3wti©iif>« 
m"^* 
iihen th® mifM salt« i^ fere aiwei n« th© t i t i^nt* «tef» thin ptt lo 
< I r r« 
c^n he p0,s'*crented by the •^•^ •it^ tioii« 
ti^eT^ Vi e co''^ * ©r l«i^ '*« 
The eofii|»o«lti« f^i of hyar©is©tuiig«'to«syaiii<ae«; ©f th«i«*o n5©vas 
v'^s det«ftsiiied uniii/PT Jiiap«r©fi«trte t i t r a t ion B®tiiad# t ccebiniaCi 
i^tld 0t X*X fbf th© reectatit® vs» fteumi ir* f^ ll tl%© ©ngsee %?hics!i 
lnaleflit©d the f^fwation amS preeiFltatlon of the ©eia^ouiitis 
K^^j^l^*[^"(Cf*>4(0fU^] (vh« r« n m at$ Tfi9 C©t t-%9. GU Of :?4i t l i ^ 
ir i! a er S» i«e* the axi<l®tlaii ntt^t^r of the 'nets! Ion 'Mi. 
Hst*** i'r»yr«a## Mst«» F'is.t chera. ro#f; Clf^ fi6^  4?^ « 
•g * 
&• 'T»i» ¥©e «n€i A»L» tTonufi* ilia* ing» ciKits*» ^iwi* r<i»t i g 
< 1044^ U i t 
> « « « < l 
